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TECHNICAL MEMORANDUM 


INFRARED SCANNER CONCEPT VERIFICATION 
TEST REPORT 


1.1 Test Objectives 


1.0 


INTRODUCTION 


HOOd FI ' : v? ?VMIOIHO 
3HX elO 7.! • .OiPiOHdHH 


Thu infrared (III ) scanner concept ■ » r-i t s.inu test program v.u> * 
;-,ci‘le ■. of tests conducted to as sc: h a typb-d li; scanner as a '’emote teni 
perature sensing device for the Fxlern.d T.ud. < KT ) program. Roman 
sensing of the KT surface temperature will grossly enhaneb ice /frost pre 
dictions which are required in sup-port of launch operations. The primary 
objectives of these tests were to: (a) determine the accuracy of a typical 

instrument under varying environmental conditions and viewing configure 
tions , (b) determine the ability of the instrument to display information 
in a useful format for the intended use, and (c) compare various models 
of I It scanners. 


1.2 Test Summary 

The tests were conducted between 9/28/79 and 10/11/79 at the 
Marshall Space Flight Center (MSFC) in the east test area. Tests were 
conducted in an open environment at the Test Cell 300 complex, and in 
an enclosed environment within the Building 4501 High Bay area. A total 
of 127 tests were performed by MSFC personnel with on site support 
from JSC and KSC personnel. 

The primary test instrument was an Inframetrics Model 525 Infrared 
Scanner on loan from the Inframetrics Corporation for this test program. 
An additional instrument, an AGA model 780, was assessed briefly during 
a demonstration by AGA personnel. Test results from the AGA scanner 
are not contained in this report. All test records and data pertaining 
to the AGA instrument were retained by JSC. 

Testing generally consisted of viewing selected targets under vary- 
ing conditions to assess the IR scanner's response to known target eon 
ditions. Recorded data consisted of video tape recordings, still photo 
graphs of IR scanner output and test configurations, and printed thermo 
couple data. All data as well as the detailed test log arc being retained 
by the Thermal Engineering Branch (EP44). 


1.3 Summary o.' Conclusions 


The basic concept of using an 1R scanner to determine neai’- freez- 
ing surface temperatures on the ET appears feasible based on the data 
from this test program. However, some of these data relating to IR 
reflections must be considered preliminary at this time, due to the small 
number of observations (data population) as well as uncertainties in the 
test data. The overall accuracy of the system is estimated to range from 
±4.7°F for the worst case t<~> +2.7°F for the best case, which is considered 
to be consistent with ice /frost prediction requirements. The major prob- 
lem anticipated is with IR reflections which can. result in significant 
errors if not controlled. Action taken to manage these errors will 
probably include viewing angle constraints which will render some of the 
ET unobservable, and may also require a change in the ET surface 
coating. Additional testing is recommended to resolve these issues. 


2.0 TEST CONFIGURATION 


2 . 1 General 

A typical test configuration is depicted in Figure 1 and consisted 
of: (a) the scanner site where the IR scanner(s) and associated support 

equipment were located, (b) the target site where the various targets 
and support equipment were positioned. The scanner equipment and the 
targets wore mobile such that they could be positioned to achieve the 
desired viewing distance and angles relative to each other and to the 
Sun, sky, etc. The actual distance, angles, and other configuration 
information for each test are documented in the detailed test log. Also 
additional configuration information is provided in the Test Descriptions 
(Section 3.0). 


2.2 Infrared Scanner 

The primary test instrument was an Inframetrics Model 525 IR 
scanner. The vendor's specifications for this instrument are presented 
in Table 1. The scanner support equipment included power supplies, 
video tape recorders, and a polaroid camera attachment. 

The scanner was operated with either the standard lens or an 
optional 3 power telescope lens. The standard lens had a field of view 
of 14° >• 18° where as the field of view for the 3X lens was 4.5° * 6°. 

Primary data recording was on a Sony half-inch reel-to reel video 
tape machine. Approximately 6.5 hr of video tape were recorded and 
are being retained by EP44. 
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SCANNER SITE 


TARGET SITE 


SCANNER SUPPORT 


TARGET SUPPORT 


• POWER SUPPLIES 

• VIDEOMONITOR 




« FREON SUPPLY 
« LN2 SUPPLY 

• THERMOCOUPLE 

• DATA LOGGER 


TVs r ' ' ■ ■ \ \ 


Figure 1. Typical test configuration. 
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TABLE 1. INFRAMETRICS INFRARED SCANNER 
SPECIFICATIONS (MODEL 525) 


Temperature Measurement 
Range 

Minimum Detect able Temperature 

E O Zoom Range 

Isotherm 

Field o I View, typical 
Frame Rate 
Spectral Range 
Detector 

Resolvable Elements per Line 

Line:; Per Frame 

I uciis R ange 

Dl'ti ctm- Coolant 

Coolant Hold Time 

Power Requirements 

IK Scanner Size (II-WxL) 

Cmil rul Electronics Unit Size 

!R Scanner Weight 

Cont rol /Electronics Weight 


2.2 Targets 

The various targets utilized during the test program included: 

(a) reference temperature targets which were maintained at known 
constant temperatures, (b) several masks used in conjunction with the 
reference targets for resolution tests, (c) an ET surface simulation 
target which simulated ET surface conditions including ice/frost accumu- 
lation. and (d) several surface coating samples to assess various 
emissivities and surface texture. 

The typical reference target is depicted in Figure 2 and consisted 
of an aluminum tank insulated on five sides. The uninsulated side was 
the actual target face and was painted flat black and instrumented as 
shown in the figure. There were a total of five tanks in three sizes as 
noted. The tanks were filled with either an ice-water mixture to maintain 
3 2 ° F , or Freon 114 which maintained a temperature of 38.7°F. 
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-20° to 1500°C 

0. 2°C 

4:1 

10°. 20°. 50°, 100°, 200 , 500° 
and 1500°C Ranges 

14° ■ 18° with 4:1 Zoom 

30 Hz with 2:1 Interlace 

8 to i 2 microns 

HgGdTc 

>153 

525 Raster, >200 IR 
5 in. to Infinity 
Liquid Nitrogen 
•2 hours 

12V Battery or 110 Vac 
5 * 41 - 6 £ in. 

54 x 85 x in. 

4 lb 
lb 





Tlu> two bur target masks used fo” geometric resolution tests are 
depicted in Figure 3. These were const ru ded from poster board and 
were positioned directly in front of the large ice reference tank such 
that the tank could be viewed through the masks. The varying window 
sizes provided geometric resolution data. An additional mask shown in 
Figure 4 was used for temperature resolution test 5 - and was mounted on 
an aluminum horseshoe plate with one leg in ice water and the other in 
LN.,. The live target windows were instrumented with thermocouples as 

t-t 

shown and provided a series of five known temperatures for temperature 
resolution studies. 

The FT surface simulation target is shown in Figure 5 and consists 
o f net spray SO FI applied to an aluminum substrate and mounted to an 
LN,, cold plate. The 0.5 in. SOFI thickness enabled icing conditions for 

the TOM' to 80°F ambient temperatures experienced during the test pro 
gram. The SOFI surface was instrumented with two thermocouples as 
shown m the figure. 

The various surface coating targets are detailed in Table 2. These 
targets were used in the IR reflection and Sun reflection tests to assess 
the effect of surface emissivity and texture, wet and dry, with respect 
to reflections at va j\ us viewing angles. All of the samples were tested 
at ambient temperature , 


TABLE 2. SURFACE COATING TARGETS 


Abbreviation 

Article 

Size (in.) 

N TPS 

Net Spray TPS 

30 > 30 

WN TPS 

Wet Net Spray TPS 

30 > 30 

W TPS 

White (FRL-3) TPS 

30 >' 30 

WW TPS 

Wet White TPS 

30 > 30 

B TPS 

Black (flat) TPS 

30 v 30 

WB-'TPF 

Wet Black TPS 

30 30 

W-Alum 

White Aluminum 

30 v 30 

WW- Alum 

Wet White Aluminum 

30 - 30 

B Alum 

Black Aluminum 

30 30 

WB-Alum 

Wet Black Aluminum 

30 > 30 

BV-Alum 

Black Velvet Aluminum 

4 v 4 

WBV-Alum 

Wet Black Velvet Aluminum 

4 ' 4 
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3.0 TEST OPERATIONS 


3.1 General 

A typical test operation consisted of establishing the scanner and 
target sites in the desired configuration followed by operation of the IR 
scanner with data being recorded on video tape and in some instances on 
Polaroid photographs. In addition, still photographs of the scanner site 
and target site were made for historical documentation and are included 
in the test log. The reference tanks were checked prior to each test, 
and refilled and stirred as required to assure proper target face tem- 
peratures. The ET surface simulation target was normally operated con- 
tinuously during a test day, and water was applied to the surface as 
required to form the desired ice /frost accumulation. 


3.2 Infrared Scanner Operation 

The Model 525 IR scanner was normally used in each of its three 
operating modes which include the image mode, the line scan mode, and 
the isotherm mode. In all modes, data are displayed on a standard TV 
monitor and for most tests was recorded on video tape. In the imap v ' 
mode, the viewed image is similar to a normal TV picture except the , ay 
scale represents relative temperature differences. Relative temperatures 
are presented in a continuous range of gray tones from black to white, 
where the cooler areas can either be choosen dark (normal) or bright 
(inverted) . The image mode provides only qualitative data since the 
gray scale cannot be visually interpreted quantitatively. To assess 
actual temperature differences, either the line scan or the isotherm mode 
was used. 

In the line scan mode , a thermal profile is provided in an analog 
format for any selected horizontal line in the scene. Although the line 
scan mode can accurately provide a temperature profile, it is limited to 
the one-dimensional horizontal line currently selected. The isotherm 
mode provides the same picture as the image mode with the addition that 
all areas which are at the same selected temperature are highlighted. 

The temperature to be highlighted is selected using a calibrated marker 
such that temperature differences within the scene can be determined. 

Data obtained from the IR scanner in either the line scan or iso- 
therm modes are raw data in scanner units which must be calibrated to 
obtain actual temperatures. The calibration or sensitivity must be deter- 
mined for the current viewing conditions and targets since it is dependent 
on atmospheric attenuation, target emissivities , and background radiation. 
In addition, the IR scanner cannot measure absolute temperatures, but 
only temperature differences. Therefore, a reference target at a known 
temperature must be viewed to determine absolute temperatures. For 
most of the tests, an ice-water and Freon reference tank pair were used 
to determine the sensitivity and the absolute temperature calibration. 

The line scan and isotherm modes were used throughout the test program 
to obtain data. 
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A total of 130 to. sis wore performed during - the period from 9/28/79 
111 rough 10/11/79, and an abbreviated test log - listing - each of these tests 
is presented in Table 3. A tost type cross reference which indicates for 
which tests specific types of data were obtained are included in Table 4. 
The following sections provide additional detail on these tests and some 
of the results. Post test analysis of the data is covered in Section 3. u. 


4.2 Hole re nee Tests 


The reference tests were the first series of tests (1 through. 17) 
and were conducted in the Building 4561 High Bay area. These tests 
were used to gain familiarization with the IK scanner equipment and to 
establish the scanner operating characteristics in a controlled environment 
(i.o., no solar, no cold sky, no wind, etc.). The targets consisted of 
the small pair of reference tanks and the FT simulation unit. The 
standard lens and the 3X lens were used, and tests were performed at 
distances from 25 to 100 ft and at viewing angles from 0° to 70° off 
normal. It was determined in these tests that the scanner data are 
independent of the field of view setting (zoom control). This is signifi 
cant since it allows the operator to zoom in on small targets while main 
turning - the same sensitivity and calibration obtained with a wider field 
of view. The sensitivity dropped off slightly at high viewing angles and 
was apparently caused by an ernissivity shift with viewing - angle. The 
sensitivity also dropped off with increasing distance due to atmospheric 
attenuation. Both these phenomena were investigated further in later 
tests. 


4.3 Fog Tests 


A series of eight fog - tests was run'on the morning of 10/1/79 at 
Test Cell 300. The visibility was estimated at 500 ft at the beginning of 
the tests at near 800 ft at the completion. Tests were run at six 
distances of 75 to 350 ft using - the 3X telescope and the pair of small 
reference tanks. The sensitivity was observed to drop off significantly 
with distance as was expected; however, the two targets could he easily 
detected at 390 ft. As was determined later, however, geometric resolu- 
tion was lost at distances greater than 200 ft (this is independent of fog) 
The results of these tests are discussed further in Section 5.0. 


4.4 Vignetting Tests 

These tests (Nos. 26 and 27) were conducted to determine if the 
optics showed any vignetting - effects for the 3X lens and standard lens, 
respectively. Vignetting effects would be a change in relative 
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TABLE 3. INFRARED SCANNER VERIFICATION TEST LOG 


9/.W79 Hi STS INSIDE BITi, *561 HIGH BAY 


1 . 

REFERENCE 

1 - 

ICE- TPS- lv r . AT 

25' AT 0 DEG- 

MAX FOV 


2. 

REFERENCE 

2- 

REPEAT OF lb. ST 1 




3. 

REFERENCE 

3- 

ICE:"- TPS " FREON AT 

25' AT 30 DEG- 

MAX FOV 


4. 

REFERENCE 

4- 

ICE-TPS-FREON AT 

25' AT 50 BEG- 

MAX FOV 


5 . 

REFERENCE 

5 - 

ICE-FREON AT 25' 

AT 50 DEG- MAX 

FOV- 


6 . 

REFERENCE 

6- 

ICE--FREON AT 25' 

AT 70 DEG- MAX 

FOV, 


7. 

REFERENCE 

7- 

ICE-FREON AT 25' 

AT 70 DEG- FOV 

SCAN- 


8, 

REFERENCE 

8- 

ICE-FREON AT 25' 

AT 70 DEG- MIN 

FOV- 


9, 

REFERENCE 

9- 

REPEAT OF TEST 8 




10, 

REFERENCE 

lO- 

ICE-FREON AT 25' 

AT 50 DEG- MIN 

FOV- 


1.1 . 

REFERENCE 

ll - 

ICE-FREON AT 25' 

AT 30 DEG- MIN 

FOV- 


12. 

REFERENCE 

12- 

ICE-FREON AT 25' 

AT 0 DEG- MIN 

FOV- 


13. 

REFERENCE 

13- 

ICE-FREON AT 25' 

AT 0 DEG- FOV 

SCAN- 


14. 

REFERENCE 

14- 

ICE-TPS-FREON AT 

66' AT 0 DEG- 

MAX FOV- 3X 

LENS 

IS. 

REFERENCE 

15 » 

REPEAT OF TEST 14 



16. 

REFERENCE 

16- 

ICE-TPS-FREON AT 

100' AT 0 DEG, 

.75 FOV- 3X 

LENS 

17. 

REFERENCE 

17- 

ICE-TPS-FREON AT 

100' AT 0 DEG- 

FOV SCAN- 3X 

LENS 


10/1/79 AM TESTS AT CELL 300 IN THE FOG 


18. 

FOG 

TEST 

1- 

ICE-FREON 

AT 

75' 

DISTANCE- 

3X 

LENS 

19. 

FOG 

TEST 

2- 

ICE-FREON 

AT 

100' 

DISTANCE- 

3X 

LENS 

20. 

FOG 

TEST 

3, 

ICE-FREON 

AT 

ISO' 

DISTANCE- 

3X 

LENS 

21 . 

FOG 

TEST 

4- 

ICE-FREON 

AT 

200' 

DISTANCE- 

3X 

LENS 

22 . 

FOG 

TEST 

5 - 

ICE-FREON 

AT 

250 ' 

DISTANCE - 

3X 

LENS 

25, 

FOG 

TEST 

6 - 

ICE-FREON 

AT 

300' 

DISTANCE- 

3X 

LENS 

24. 

FOG 

TEST 

7- 

ICE-FREON 

AT 

350' 

DISTANCE - 

3X 

LENS 

25. 

FOG 

TEST 

8- 

ICE-FREON 

AT 

75' 

DISTANCE- 

3X 

LENS 


.10/2/79 TESTS AT CELL 300 CLEAR AND SUNNY 


26 . VIGNETTING TEST l- ICE AT 50' DISTANCE - 3X LENS 

27. VIGNETTING TEST 2- ICE AT 25' DISTANCE- STNDRD LENS 


28. 

MULT I "DISTANCE 

.1 - 

ICE -FREON/ ICE 

AT 

25 ' /25 ' 

STNDRD 

LENS 

29. 

Mill n: "DISTANCE 

2- 

ICE-FREON/ICE 

AT 

50 '/25' 

STNDRD 

LENS 

30. 

MUI. n: -DISTANCE 

3- 

ICE-FREON/ICE 

AT 

75 '/25' 

STNDRD 

LENS 

31 . 

MULTI-DISTANCE 

4- 

ICE-FREON /ICE 

AT 

100 '/25' 

STNDRD 

LENS 

32 . 

MULTI-DISTANCE 

5 » 

ICE-FREON/ICE 

AT 

150 ' /25 ' 

STNDRD 

LENS 

33 . 

MULTI-DISTANCE 

6 - 

ICE-FREON/ ICE 

AT 

200 '/25' 

STNDRD 

LENS 

34, 

MULTI-DISTANCE 

7- 

ICE-FREON/ICE 

AT 

25 '/25' 

STNDRD 

LENS 

35 , 

MULT I ■ DISTANCE 

8- 

ICE-FREON/ICE 

AT 

50 ' /25 ' 

STNDRD 

LENS 
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TABLE 3. 


SfiPflO. 


(Contlnu^) 0816 '^" 


Poor 


34 . 

37. 

38. 
19. 

40. 

41 . 

42. 

43 . 

44. 

45. 


HULTl "DISTANCE 9. ICE-FNt.ON iCf 41 
MUI TI -DISTANCE 10. ICfc-F M ON/ ICE AT 
MULTI -DISTANCE Ilf ILL -f Rf ON/ I CL 41 
HUI TT DISTANCF 12. UT FREON/ ICE AT 
MULTI -DISTANCE 13t ICE-) REON/JCE AT 
HULTl -DISTANCE 14. ICE -F RLUN/ ICE AT 
MULTI-DISTANCF 14. ICE • FRFON/ICE AT 
HOLTI -DISTANCE t5. ICF -FREON/ ICF AT 
MULTI-DISTANCE I c. r 1 CF- FREON/ ICE AT 
HULTl -DISTANCE 1/. ICF FREON/ ICT AT 


50' '50' 3 % IF.W8 
»t, /SO' 3k Mttf 
100/50 3X LENS 
ISO' /SO' 3X LENS 
200 /50' 3X LiMt 
230/50' 3X LENS 
330/50' 3X LENS 
400' /SO' 3X LENS 
450/50' 3X LENS 
500 '/50' 3X LENS 


46. VARIABLE DISTANCE 1. ICE A1 S' TO 50'. 3X LENS. ISOTHERH NODE 

47. VARIABLE DISTANCE 2. ICE AT 3 TO 50'. 3X LENS. LINE SCAN NODE 


48. 

49. 

50. 


SUN REFLECTION 1. 
SUN REFLECTION 2. 
SUN REFLECTION 3. 


SUN UN/OFF ICE-FREON TAROETS < SHUTTERED) 

SUN ON ICE -FREON AT VARYINO TILT AN8LE 

SUN REFLECTED INTO SCANNER LENS. ICE-FREON VIEWED 


10/3/79 TESTS AT CELl 300 CLEAR AND SUNNY 



i 
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51. SKY BACKGROUND 1. SCAN OF ICE -FREON REF TANKS 

52. SKY BACKGROUND 2. SCAN OF ICE FREON REF TANKS AND SKY 


53. 

54. 

55. 

56. 


TEMP RESOLUTION TEST I» 
TEMP RESOLUTION TEST 2. 
TEMP RESOLUTION TEST 3. 
TEMP RESOLUTION TEST 4. 


ICE /ICE 

REPEAT OF TEST 53. 

ICE/ICE WITH LN2 COOLED SURFACE 
ICE/LN? 


57. 

58. 



59. 

60. 
61 . 
62. 

63. 

64. 


OEOM RESOLUTION I» 
GEOM RESOLUTION 2. 
GEOM RESOLUTION 3. 
GEOM RESOLUTION 4. 
GEOM RESOLUTION 5. 
GEOM RESOLUTION 6. 
GEOM RESOLUTION 7. 
GEOM RESOLUTION 8. 


ICE /MASK AT 
ICE/MASK AT 
ICE/HASK AT 
ICE/MASK AT 


25' 

30' 

50' 

75' 


DISTANCE. 

DISTANCE. 

DISTANCE. 

DISTANCE. 


3X LENS 
3X LENS 
3X LENS 
3X LENS 


ICF /MASK -FREON AT 75' DISTANCE. 3X LENS 
rCE-ICE -FREON 300' DISTANCE. 3X LENS 
ICE-ICE FREON 200' DISTANCE. 3X LENS 
ICE-ICE -FREON 150' DISTANCE. 3X LENS 


66 . 

67. 

68 . 


SUN REFl.FCTION 4. 
SUN REFLECTION 5. 
SUN REFLECTION 6. 
SUN REFLECTION /» 


AMBIENT NET SPRAY SOFI 
AMBIENT WHITE (FRl-3) SUFI 
AMBIENT WHITE ALUMINUM 
AMBIENT NET SPRAY SOFI 


69. IR REFLECTION 1. AMBIENT NET SPRAY SOFI 

70. IR REFT EOT ION 2. AMBIENT WHIfE (FRL-3) SOFI 

71. IR REFLECTION 3. AMBIENT WHITE ALUMINUM 

72. IR REFLECTION 4. AMBIENT FLAT BLACK ALUMINUM 

73. TR REFLECTION 5. AMBIENT BLACK VELVET ALUMINUM 

74. ICF /FROST l» ICE -IPS -FREON AT 75' DISTANCE 

75. I ONG DISTANCE 1. ICE-FREON/ 1 CL -FREON AT 800' //S' 



1 


I 



| 




TABLE 3. (Continued) 


iO'4 n SIS At (EL 1 LOO IN V, IN 


dr 


01 l 


'? 6 . DRI/ZI E VIVUBIUTY l* {Cfc AND f Hi ON TANKS 

//, nki n\ i- v rsi tu i l ty ?.i ice tank oni y 

78. DRIZZI E VTS1BII TTY 3r GEC'M RE SOI LIU ON MASK OVER ICE 

79. ICING DISTANCE 2t ICE-FREON/TCE -FREON AT 000'/ 50' NEAR FOCUS 

80. I ONS DISTANCE 3. ICE-FREON/ICF • FREON AT 800 '/SO' FAR FOCUS 

81. RADIO INTERFERENCE TEST 

82 . NO TEST 

83. VIDEO TRANSMISSION TEST 

PART 0 - REFERENCE PATTERN AT TEST SITE 

PART l - AT END OF 800 I I HE. NO CONDITIONING 

PAR) 2 - AFTER FIRST DISTRIBUTION AMP 

PART 3 - AFTER APPROX 2 TO 3 MILES DISTRIBUTION 

PART A - REFERENCE PATTERN AT TEST SITE 

84. GEOM RESOLUTION 9. ICE/MASK -FREON At 50' IN IlR] //I IT 

85. CLOUD OBSERVATION TEST 


10/4/79 TEST INS IDE DIDO 45.41 HIGH DAY 


86 . 

87 . 

88 . 
89, 


ICE/FROST 2. 
ICE/ FROST 3. 
LCE/FROST 4, 
ICE /FROST 5, 


ICE-FREON- TPS A I 77 WITH 3 MPH FAN 
ICE-FREON- TPS AT 73' WITH FLOOD LIGHT 
ICE-FREON-TPS AT 75' WIIH 10 MPH BLOWER 
TPS AT 75' WITH 10 MPH BLOWER 


90. ICE/FROST 6, T CE-EREON- TPS AT 75' AT 60 DEG WITH FLOOD AND IP LAMP 

91. TOE 'FROST 7. TPS AT 75' AT 75 DEG WITH FLOOD AND IR LAMP 


92. - TR REFLECTION 6t DRY BLACK VELVET AT 20 AT 43 DEG WITH IR L AMP 

93. IR REFLECTION 7, WET BLACK VELVET AT 20' AT 45 DEG WITH IR LAMP 


94. 


ICE/FROST 8. ICE-FREON-TPS AT 73' 


WITH 10 MPH BLOWER 
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mn-4-t-rv: 

















m 



















TABLE 3, (Concluded) 


Jg^uamm of thp 
RIGLNAL PAG ft IS POOR 

4 

'S 

>/ 


10 /an"* tests 

INSIDE HE DO 4361 i •• 

30 BAY 








■i 

95. 

GEOM KiSOlUnfJN 9* ICE /MASK 1 ,.f 

93* DISTANCE 

* STNDRD 

i.ENR 


fi 

J 

:i 

96, 

ofoh resolution 10 * jce/mask.' <,i 

/ 3* DISTANCE, STNDRD 

LENS 


i 

J 

V/. 

Ik 

Rtf Et c r ION 

(h 

WET HA, Bl At i 

ICE TANK AT 17' 







98, 

ik 

REFLECTION 

9, 

DRY FLA i W AFT 

ICE TANK AT 17' 







99, 

IR 

reft nrnoN 

10* 

DRY WHITE SOf ’■ 

hHB f ANKL 

AT 

26-' 

REEL 

OFF 

t N2 

PANEL 



100, 

IR 

Rm fa. 1 1 on 

i i * 

DRY NET i 

AMB PANEL 

AT 

26 

RLE! 

OFF 

I N2 

PANEL 



101. 

ns 

REFLECTION 

12, 

DRY WHIFF Al UH 

AMD PANE i 

a r 

26' 

REEL 

OFF 

1 N2 

PANf i 



102. 

IR 

ftEH.EC rifJN 

13, 

DRY BLACK ALurt 

AMD PANEL 

AT 

26' 

REFT. 

Off 

LN2 

f ANf.t 



103, 

ns 

REFLECTION 

14* 

WET Bl.ACK Ai tfh 

AMB PANEL 

AT 

26' 

REEL 

OFF 

LN2 

PANLl 


j 

104, 

Ik 

REELECT IUN 

15, 

REPEAT Of' TEST 

103 









10ft, 

Ik 

REFLECT ION 

16 , 

DRY UHl ii At Hi- 

AMD PANf l 

AT 

26' 

REEL 

OFF 

LN2 

F'ANEL 



106. 

If: 

REFLEi.'TTUN 

17, 

WET WHiFt At ON 

AMD PANF t 

AT 

26' 

rf:fl 

OFF 

LN2 

PANEL 



10/, 

I ft 

RE t 1 ECTiON 

10, 

DRY WHITE SOLI 

AMD PANEL 

AT 

26' 

REFL 

OFF 

LN2 

PANEL 



108. 

IR 

RE Ft Ff l TON 

19« 

WET WHI1F SUM 

AMD PANEL 

AT 

26' 

REFL 

OFF 

LN2 

PANFl 



109, 

J.R 

ft’F H ECTION 

7C, 

DRY NET SOM 

AMD PANEL. 

AT 

26' 

RFFl 

OFF 

LN2 

PANEL 



no. 

I ft 

RFH IT 11 ON 

21, 

WF 1 NE 1 SOI i 

AMD PANEL. 

AT 

26' 

REFL 

OFF 

LN3 

PANE! 



in. 

irs 

KtlFt ECTION 

22, 

DRY W AC K VF 1 o 

AMD PANT F 

AT 

26' 

REEL 

OFF 

LN2 

PANEL 



112. 

I ft 

RFF i FF.T ION 

23* 

WET DLACK Vfcl ’> 

AMB PANEL 

Al 

26' 

Rt.Fl. 

OFT 

LN? 

PANEL 


■" i 

113. 

ik 

ftH LECTION 

24, 

DRY BLACK MFI V 

AMD RANH 

AT 

26' 

REFL 

OFF 

LN7 

PANEL, 

i 

,2 


10/3/ 79 TESTS 

INSIDE BLDG 4361 ’HEWING OUT! 

SIDE 

THRU DOOR 





114. 

RIJN REFT EOT ION 8 * 

DRY NET BUi 

AMD PANEL AT 33 





] 


113. 

SUN REEIFCTJON 9, 

DRY WHITE Al UM AMD PANEL AT 33 

f \ 







10/5/ 79 TEST 

INSIDE BI.DO 4S6I HIGH DAY 









116. 

XCF./FR08T 9, TPS 

AT 6!3 ' A I 30 31. i 

, WITH FLOOD l 

COHT 




* 



10/11/79 TESTS INSIDER OLDS 4361 HIGH BAY 








■i 

U7. 

I ft 

REFLECTION 

25, 

DRY BLACK Al OH 

AMD PANEL 

AT 

32 ' 

REF L 

OF F 

FN2 

PANEL 


• 

lit). 

I ft 

REIT f.m ON 

26* 

WET BLACK ALUM 

AMB PANEL 

AT 

3? ' 

REFL 

OFF 

l N? 

PANEL 


> 

119. 

IR 

REEL ECTION 

27. 

DRY WHITE Al i IM 

AMB PANEL 

AT 

32 

REFT 

OFF 

L.N2 

PANEL. 

I 


120. 

I ft 

REFLECTION 

20 * 

WET WHITE Al IM 

AMD PANEL 

AT 

32 

RFFL 

OF F 

L N2 

PANEL 

i 


121, 

IR 

REFLECTION 

29, 

DRY BLACK Sul 1 

AMB PANEL 

AT 

At f 

RFH 

nr f 

l N2 

PANE! 

H ■ 


122, 

NO 

TEST 










i 


123, 

I ft 

REFLECTION 

30* 

WET BLACK SOI 1 

AMB PANE,. 

AT 

32 ' 

Kt.F 1 

hf r 

1..N2 

PANIC 

§■ 


124, 

I ft 

RFH Fi.FION 

31* 

DR Y NL I SOI 1 

AMB PANF 1 

AT 

T2' 

Ri-n 

OF f 

I.N2 

PANH 

» 

V •'-« 

123, 

NCI 

! PST 












1 26 . 

IR 

REFT EOT ION 

32, 

WEI NET SOI I 

AMB PANEL 

AT 

32' 

REFT 

OFF 

L.N2 

PANEL 



12/. 

IR 

ri fi FcnnN 

33* 

IiR i WH 1 ! 1’ Bill 1 

AMB PANEL 

AT 

32* 

RFFL. 

OFF 

LN2 

PANEL 

: 


128 1 

Tft 

REFLECT ION 

34* 

WET WITT IF SOI 1 

AMB PANF l 

AT 

32 ' 

RFFL 

Of ! 

1 N2 

PANEL 




129. BUN ft! FLECTION 10* IlN Y IU ACK A, UM AMI-: PANF. I A? 3 V 

130. bun rui. irrj'ON ii. dry white amim ahb panel at v , - 
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TAB Ui 4. T1JST TYl’K CROSS URl’KRKNCK 


Type 

Tost Numbers 

Reference 

1-17 

Multi-Distance 
Variable Distance 
Long Distance 

28-45, 75, 79, 80 
46, 47 
75, 79, 80 

Geom Resolution 
Temp Resolution 
Vignetting 

57-64, 78, 84, 95, 96 

53-56 

26, 27 

Sun Reflection 
IF Reflection 
Searchlight Reflection 

48-50, 65 68, 114, 115, 129, 130 
69-73, 92, 93, 97-113, 117-128 
87, 90, 91 

Fog Visibility 
Drizzle Visibility 

18-25 

76-78 

Ice /Frost 

74, 86-91, 94, 116 

Wind 

Sky Background 
Radio Interference 
Video Transmission 
Cloud Observation 

74, 86, 88, 89, 94 
51, 52 
81 
83 
85 


temperature (image intensity) as the target of interest is viewed in 
different portions of the field of view. The small ice reference target 
was used for these tests , and was positioned in the center and around 
the perimeter of the field of view. For both tests only minor distortion 
was experienced and was considered insignificant. 


4.5 Multi-Distance Tests 


The multiple distance tests were conducted to assess temperature 
shifts between targets which are viewed at different distances from the 
scanner. These apparent temperature shifts are due to atmospheric 
attenuation which cause targets at increasing distances to approach the 
local ambient temperature. The tests were conducted using the small 
pair of reference tanks and the alternate ice tank. The alternate ice 
tank was held at a fixed distance while the pair of ice and Freon tanks 
were positioned at increasing distances. The near and the far tanks 
were viewed without adjusting the scanner setpoints such that the 
apparent temperature shift could be determined. 






!> ! f 

OhhTj] 


'! 'r>!, 


THE 

" h POOR 


lor tests 28 through 3a tin' standard leas was used and the fixed 
t at |»’0t was sot at :if> ft and tho reference pair positioned at 25 to 200 ft. 
At distanoos of 75 ft or moro. however. geometrie resolution was lost on 
tho roforonoo tank pair. Tho tolosoopo was used for touts 3t5 through 
•15 with tho fixed target it 50 ft and tho roforonoi pair at 50 to 500 ft. 

At distances exceeding- 200 ft, geometric resolution was lost for this lens. 
The results of those tests are discussed in detail in Section 5.0. 


4.0 Variable Distunm Tests 

hosts 46 and 47 wore similar to the multi distance test except only 
ont' ice lank was used. Tho viewing distance to the tank w a, varied 
during the test fro n 4 to 50 ft by moving the tank with the scunner .a 
a fixed setting. The data from those tests arc included with tho multi 
distance tests in Section 5.0. 


4.7 Sky Background Tests 

Those tests were performed with the pair of small reference tanks 
elevated such that the viewed background was the relatively cold sky 
rather than the wurmer ambient as for most tests. It was somewhat more 
difficult to acquire the target; however, no significant problems are 
anticipated with this configuration. It is anticipated that when viewing 
the ET on the launch pad, much of the tank will be viewed in this 
manner (e.g., the LOX tank ogive). 


4.8 Temperature Resolution Tests 

A seines of four temperature resolution t i ts (53 through 56) wore 
performed to assess the basic temperature accuracy of the scanner. The 
BAR- 3 target presented in Figure 4 was used for these tests. Tho 
target was conditioned to obtain a range of known temperatures and then 
viewed with the scanner in the line scan mode along with the small ice 
reference tank. Data from tests 54, 55. and 56 were processed and arc 
presented in Section 5.0. No data were obtained from test 53. 


4.9 Geometric Resolution Tests 

Geometric resolution tests were conducted using the BAR 1 and 
BAR-2 targets presented in Figure 3. These tests were performed at 
varying distances to determine the percent resolution versus instantaneous 
field of view. The poster board musks were positioned in front of the 
large ice tank such that the ice target was viewed through the various 
size bars cut into the mask. As the targets were moved away from the 
scanner the percent resolution was noted for the various size bars. 

The processed data are presented in Section 5.0 and indicate that the 
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actual resolution was somewhat less than vendor specifications. Addi- 
tional tests were performed under di’izzle conditions (78 and 841 and also 
for the standard lens ( 95 and 96) . 


4.10 Sun Reflection Tests 

Several tests were run to assess the possibility of interference 
caused by solar radiation incident either on the target or the scanner. 

A total of 11 tests were conducted using several surface coatings, both 
ambient and cold targets, and various Sun angles. The results of these 
tests did not reveal any interference associated with solar radiation. 

This is generally to be expected since there is little energy in the por- 
tion of the solar spectrum to which the scanner is sensitive. 

Test 48 was performed using the small pair of reference tanks 
positioned in direct sunlight. The Sun was shuttered on and off the 
targets with no noticeable shift in data. For test 49, the reference 
tanks were tilted about their horizontal axis to vary the Sun angle. 

This resulted in significant apparent temperature changes at specific 
view angles. These temperature shifts however were attributed to 
emissivity changes with angle, which were observed with and without 
direct solar. 

Test 50 was concerned with solar reflection and possible glare on 
the scanner lens. Using an aluminum plate as a mirror, the Sun was 
reflected into the scanner lens at angles as low as 10° from the viewing 
axis. There was no indication of glare or other interference. 

The remaining Sun reflection tests (65 through 68. 114, 115, 129. 
and 130) wore conducted with several of the surface coating targets 
detailed in Table 2. As before, there was no indication of temperature 
shifts due to reflected solar energy. The apparent temperature shifts 
observed in these tests are attributed to background IR reflections 
since the shifts were observed with or without incident solar energy. 


4.11 Infrared Reflection Tests 

The purpose of these tests was to assess errors in the measured 
temperature due to IR reflections. IR reflections occur because most all 
materials have an emissivity less than unity, and thus have a finite 
reflectivity in the IR band width of the typical scanner. Thus some of 
the IR radiation reaching the scanner from a typical target will be 
reflected energy from the local surroundings (e.g., ground, sky, build- 
ings, etc.). This introduces an error in the sensed temperature since 
the source of the reflected energy is usually at a different temperature 
than the target its ^lf. Furthermore, emissivity is known to vary with 
incident angle for some materials such that a surface tends to become 
highly reflective at angles approaching 90° off the normal. 


18 


The first so riot, of tests (09 through 7:0 were qualitative tests 
using the image mode with no actual data being taken. These tests 
indicated a significant reflection at high off- normal angles for all of the 
samples, although the black velvet coating seems to be less sensitive 
than the others. Reflections were noted for rotations about both the 
Horizontal and vertical axis. 

Tests 1)2 and 93 were performed with an lit lamp as a reflection 
source and tin ! lack velvet samples as targets. Test 92 was a dry 
sample and 93 was a .atud sample. It should be noted that an IP lamp 
is an extremely high IR radiation source which would not normally he 
encountered uncontrolled at the launch pad. The dry sample showeu 
very little reflection until angles approaching 00° off- nor rial. At 80° 
off normal the reflections were off scale on the scunner (at least 25°F 
error). The wet simple showed more effect at lower angles being off 
scale iit 45°. In both cases the reflections were more intense sit specular 
angles (angle of incidence of the IR source equal to the viewing angle) . 

Tests 97 and 98 were conducted wiLh the large ice tank as the 
target in the Building 4561 High Bay area. In this configuration the 
local environment (i.e., walls, ceiling, etc.) was the source for the 
reflections. Since the target (ice) was colder than the ambient, the 
apparent temperature increased us the target was rotated off normal. 

Data from this test are presented' in Section 5.0. 

For tests 97 through 113 and tests 117 through 128, the surface 
coating samples detailed in Table 2 were used as targets and the LN ^ 

cold plate surfaces was the reflection source. The test configuration 
including the position of the scanner, target, and cold plate is shown 
in Figure 6. In contrast to tests 97 and 98, the apparent temperature 
decreased as the targets were rotated off normal, since the target and 
the local ambient were warmer than the reflection source. As with the 
IR source, the reflection showed a strong specular content with peak 
reflections occurring when the tar get- scanner angle and the target-cold 
plate angle was the same (Fig. 6). Post-test analysis of the data from 
these tests is also covered in Section 5.0. 


4.12 Ice/Frost Tests 

The ice /frost tests utilized the ET surface simulation target to 
assess the scanner performance on targets coated with ice and frost 
accumulations and to evaluate the data from a target representative of 
the ET surfaee, which is non-uniform and thermally dynamic. The ET 
simulation target (Fig. 5) was conditioned such that ice or frost had 
formed on approximately 40 percent of the area. The ice ranged from 
a film to as much as 0.2 in. , depending on the test, and frost accumula- 
tion occurred generally around it he edge of the sample. Test 74 was 
conducted outside at Cell 300 w'hile the remaining tests (86 through 91, 
94, and 116) were conducted inside at the Building 4561 High Bay area. 



TESTS 99 THRU 113 


TESTS 117 THRU 128 


Figure 6. IR reflection test configurations. 




Klv\ ' ' • , ; OF THE 

or. • .r ' • is poor 

For test 74, tin* target was conditioned within a temperature ami humidity 
controlled enclosure prior to the test to promote ice growth. In general, 
the tests revealed no new anomalies or unexpected results relating to an 
ice or frost accumulation on the surface. Measured temperatures over 
the TPS surface ranged from 27°l' to approximately 45°F and were eon 
sistent with the recorded thermocouple data. There was no distinguishable 
difference in the image of wet, dry, or ice coated areas other than the 
temperature difference. 

On 1 1 1 » * outdoor te t (71). then, were noticeable surface temperature 
oscillations associated with periodic wind gusts (estimated at 2 to 5 mph) . 
but these were not considered a potential problem. To further investi 
gate wind effects, tests HO, 88. 89, and 94 utilised a portable blower to 
simulate various wind velocities and cyeli s (up to 10 mph). as before, 
the surface temperature could be seen to change rapidly with induced 
wind cycles. Again, this was not considered a problem since an average 
surface temperature could be adequately measured. 

The remaining ice /frost tests (87, 90, 91, and 116) were concerned 
with possible reflections from typical search lights which may be used at 
KSC, and were essentially an extension of the IR reflection tests. Two 
types of lights were used including a common incandescent flood light 
and a quartz IR heating lamp. The flood light was typical of sources 
with little or insignificant energy in the longer IR wavelengths, while 
the quartz lamp has a high IR energy content. The lamps were posi 
tinned approximately 3 to 4 ft from the target, at angles ranging from 
90° to +90° to the normal. The lamps were oscillated during the test 
such that reflections could be distinguished from surface temperature 
changes. 

As expected there was minimum reflections encountered with the 
flood light, and these occurred only at the specular reflection angles. 
Conversely, the quartz IR lamp caused significant reflections which were 
strongest at the specular angles. The results of these tests plus the 
Sun reflection tests previously discussed confirm that the scanner is 
insensitive to the shorter IIt and visible spectrums. 


4.13 Long Distance 

The long distance tests were an extension of the multi-distance 
tests designed to assess the scanner performance at relatively long 
distances. Three tests (75, 79, and 80) were performed with the small 
pair of reference tanks positioned near the scanner (50 to 75 ft) and 
the large set of tanks located at 800 ft from the scanner. The test 
consisted of taking data from the near targets as a baseline and then 
acquiring the far targets to assess distance effects. The near targets 
were then reacquired to confirm the original baseline data. Ambient 
conditions for test 75 was clear and sunny with a low relative humidity 
of 37 percent. In contrast, tests 79 and 80 were conducted in a light 
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drizzle or mist with an estimated visibility of 1 mile or less. I'or all the 
tests, the far target was easily acquired and the sensitivity was groat 
enough to easily distinguish the two targets. The acquired data were in 
error, however, because the far targets were not geometrically resolved. 
The resolution for these tests was 85 percent, which is low enough to 
invalidate the actual data. However, the tests did demonstrate that tar- 
gets could be acquired at these distances even under adverse conditions. 
Post-test analysis of data from these tests is presented with the multi 
distance test data in Section 5.0. 


4.14 Drizzle Visibility Tests 

A total of nine tests were performed in various degrees of light 
rain and drizzle at the test Cell 300 complex. Tests 76 through 81 wore 
conducted in the heaviest precipitation with the scanner equipment located 
in the block house viewing the targets positioned outside. The reniiiining 
tests (83 through *5) were conducted in a light suspended mist with all 
of the equipment outside. 

Tests 76, 77, and 78 were at relatively close distance (50 ft) 
whereas tests 79 and 80 were the long distance tests discussed in the 
previous section. The only significant effects which may have been 
caused by the precipitation were observed in tests 76 and 77. During 
test 76 there was a considerable amount of apparent vapor visible which 
was degrading the view of the targets. Most of this was attributed to 
the Freon boiloff, which had been observed on previous tests. For the 
following test (77), the Freon target was removed and most of the vapor 
was subsequently eliminated. However, there was still a small amount of 
vapor periodically visible which could not be attributed to Freon. This 
vapor did not significantly degrade the image of the target, nor was it 
observed on any of the other tests under these conditions. Its occurr- 
ence however does suggest the possibility of problems associated with 
precipitation. 


4.15 Radio Interference Test 

During the test program , two-way radios were periodically used 
for communications and interference of the scanner operation was 
commonly observed. Test 81 was specifically conducted to assess radio 
interference and demonstrated that the scanner was definitely susceptible 
to RFI . Operation of the radios at close range (within 5 ft) would render 
the scanner inoperative. Radio frequency shielding for the scanner 
and/or the support equipment may therefore be required. 
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4. 16 Video Transmission Test 


Test 83 was a video transmission tost conducted to assess t no com- 
1' tibility of the III scanner with commercial television conditioning and 
transmission equipment. The scanner was connected to the existing 
MSEC video network as depicted in Figure 7. There was approximately 
750 ft of unconditional line from the scanner site to the first distribution 
amp in Building 4561. From Building 4561 the amplified signal was 
routed to Building 4583 where it ordered the MSFC wideband distribution 
system. The signal was then routed to Building 4570 over a cable run 
of approximately 2.5 miles, where the signal was monitored and recorded. 
Recordings were also made in Building 4561 before and after the first 
distribution amplifier. The recordings made at the various points in the 
distribution system were compared to baseline recordings made at the 
scanner site to assess any loss of signal or incompatibility with the dis- 
tribution system. The results were very good with only minor noise 
being experienced on transmissions of line scan and isotherm data. 
However, degradation of the gray scale (temperature) information in the 
image mode could not be assessed with the available equipment. 


5.0 TEST ANALYSIS 


5.1 Geometric Resolution 

A summary of data from the geometric resolution tests is presented 
in Table 5 which details the field of view and the associated percent 
resolution for the various target sizes from each test. The field of view 
(presented in milli-radians) is calculated as FOV = S /D , where S is the 
bar size and D is the viewing distance in consistent units. The percent 
resolution was determined from the line scan data recorded for each test 

and was calculated as R = Ab/Ao*^^, where Ab was the peak to peak 
amplitude for the specific bar size and Ao was the reference peak to 
peak amplitude between ambient and ice. 

The percent resolution is plotted versus field of view for the 
standard lens in Figure 8 and the 3X telescope in Figure 9. For each 
lens, the assumed modulation transfer function (MTF) curve has been fit 
to the data and plotted on the appropriate graph. Using the MTF curves 
from Figure 8, a field of view of at least 16 mrad is required for 100 
percent resolution with the standard lens, and from Figure 9, 5.5 mrad 
is required for complete resolution with the 3X telescope. In both 
cases, the resolvable element is approximately 5 percent of the total field 
of view. Using these data, the minimum resolvable target size versus 
distance was generated for both lens and is presented in Figure 10 

for distances up to 300 ft, and in Figure 11 for long distances up to 

800 ft. From Figure 10, we see that 100 percent resolution was lost on 

the small tanks (12 x 12 in.) at 62 ft for the standard lens and 183 ft 

for the 3X telescope. For purposes of data analysis fro r ’ ' various 
tests, however, 75 ft was assumed as the cutoff point r e standard 
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CELL 300 



Figure 7. Video transmission test setup. 








TABLE 5. TARGET RESOLUTION 

















O 25' DATA 
A 30' DATA 
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□ 50' DATA A 150', 200', 300’ DATA 

x 75' DATA 



a 


1.0 

TARGET FOV ~ MILLI— RADIANS 
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10.0 


Figure 9. 3X telescope lens resolution data. 



STANDARD 

LENS 



Minimum resoluable target size versus distance 




3X LENS 



Minimum resoluable target size versus 




lens and 200 ft for the 3X telescope. This relates to a resolution 
between 95 percent and 100 percent which is considered within the 
normal error band for the data. Similarly from Figure 11, we see that 
resolution was lost on the lar^e tanks (30 x 30 in.) at 450 ft for 100 
percent resolution and 550 ft for 95 percent resolution. 

The apparent temperature error resulting from a typical unresolved 
target is shown in Table 6 which presents the detail data from test 96. 

As seen from these data, there is little error experienced for targets 
which are nearly resolved with only a 0.3°F error on a 94 percent 
resolved target. However, significant errors are encountered for reso- 
lutions below 80 percent with a 3.4°F error on a 77 percent resolved 
target and a 6.4°F error on a 68 percent resolved target. Consequently, 
data acquired during this test program on targets which were unresolved 
must be considered questionable, if not invalid depending on the degree 
of resolution. Using the data from Figure 8 for the standard lens and 
Figure 9 for the 3X telescope, the geometric resolution for each of the 
tests with acquired data was compiled and is presented on Table 7. The 
field of view (FOV) and the resolution (MTF) is presented for each test 
in addition to other test information including the lens type, the targets 
used, and the viewing distance and angle. These data were used in the 
following analysis to assess the validity of the data involved. 


TABLE 6. TYPICAL TEMPERATURE ERROR DUE TO UNRESOLVED 
TARGETS (DATA TAKEN FROM TEST 96) 


Target 

Resolution 

(%) 

Measured 

Level 

Calculated 

Temperature 

Temperature 

Error 

Ice 

100 

.9 

32.0* 

— 

BAR 2.0 

100 

.9 

32.0 

0.0 

BAR 2.1 

94 

1.0 

32.3 

+0.3 

BAR 2.2 

81 

1.4 

33.5 

+1.5 

BAR 2.3 

81 

1.2 

32.9 

+0.9 

BAR 2.4 

81 

1.3 

33.2 

+1.2 

BAR 2.5 

77 

2.0 

35.4 

+ 3.4 

BAR 2.6 

77 

2.0 

35.4 

+3.4 

BAR 2.7 

77 

2.0 

35.4 

+3.4 

BAR 2.8 

68 

3.0 

38.4 

+6.4 

BAR 2.9 

68 

3.0 

38.4 

+6. 4 

Freon 


3.1 

38.7* 

— 


*Note: Assumed Temperatures 


In summary, Figures 10 and 11 should be used for determining 
geometric resolution limits for the standard and 3X telescope lens , 
respectively. For implementation planning at KSC, resolutions of 95 
percent or greater should be maintained. For both lens tested, the 
resolution was approximately 5 percent of the total field of view. 
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TABLE 7. TARGET INFORMATI ON AN D RESOLUTION DATA 


TEST 

TYPE 

LENS 

T A 

R S E r 

S 

DIS 

ANG 

RSL 

FOV 

MTF 

1 

REF 

STN 

S-ICE 

S-FRN 

TPS 

25 

0 

R 

40 

1 

o 

REF 

STN 

S-ICE 

S-FRN 

TPS 

25 

0 

R 

40 

1 

3 

REF 

STN 

S-ICE 

S-FRN 

TPS 

25 

30 

R 

40 

1 

4 

REF 

STN 

S-ICE 

S-FRN 

TPS 

25 

50 

R 

40 

1 

5 

REF 

STN 

S-ICE 

S-FRN 


25 

50 

R 

40 

1 

6 

REF 

STN 

S-ICE 

S-FRN 


25 

70 

R 

40 

1 

7 

REF 

STN 

S-ICE 

S-FRN 


25 

70 

R 

40 

1 

8 

REF 

STN 

S-ICE 

S-FRN 


25 

70 

R 

40 

1 

9 

REF 

STN 

S-ICE 

S-FRN 


25 

70 

R 

40 

1 

10 

REF 

STN 

S-ICE 

S-FRN 


25 

50 

R 

40 

1 

11 

REF 

STN 

S-ICE 

S-FRN 


25 

30 

R 

40 

1 

12 

REF 

STN 

S-ICE 

S-FRN 


25 

0 

R 

40 

1 

13 

REF 

STN 

S-ICE 

S-FRN 


25 

0 

R 

40 

1 

14 

REF 

3X 

S-ICE 

S-FRN 

TPS 

66 

0 

R 

15.2 

1 

15 

REF 

3X 

S-ICE 

S-FRN 

TPS 

66 

0 

R 

15.2 

1 

16 

REF 

3X 

S-ICE 

S-FRN 

TPS 

100 

0 

R 

10 

1 

17 

REF 

3X 

S-ICE 

S-FRN 

TPS 

100 

0 

R 

10 

1 

18 

FOG 

3X 

S-ICE 

S-FRN 


75 

0 

R 

13.3 

1 

19 

FOG 

3X 

S-ICE 

S-FRN 


100 

0 

R 

10 

1 

20 

FOG 

3X 

S-ICE 

S-FRN 


150 

0 

R 

6.7 

1 

21 

FOG 

3X 

S-ICE 

S-FRN 


200 

0 

R 

5 

.98 

22 

FOG 

3X 

S-ICE 

S-FRN 


250 

0 

U 

4 

.92 

23 

FOG 

3X 

S-ICE 

S-FRN 


300 

0 

U 

3.3 

.87 

24 

FOG 

3X 

S-ICE 

S-FRN 


350 

0 

U 

2.9 

.83 

25 

FOG 

3X 

S-ICE 

S-'-RN 


75 

0 

R 

13.3 

1 

26 

VIG 

3X 

S-ICE 



50 

0 

R 

20 

1 

27 

VIG 

STN 

S-ICE 



25 

0 

R 

40 

1 

28 

MDIS 

STN 

S-ICE 

S-FRN 


25 

0 

R 

40 

1 




A-ICE 



25 

0 

R 

26.7 

1 

29 

MDIS 

STN 

S-ICE 

S-FRN 


50 

0 

R 

20 • 

1 




A-ICE 



25 

0 

R 

26.7 

1 

30 

HOIS 

STN 

S-ICE 

S-FRN 


75 

0 

U 

13.3 

.96 




A-ICE 



25 

0 

R 

26.7 

1 

31 

MDIS 

STN 

S-ICE 

S-FRN 


100 

0 

1) 

10 

.88 




A-ICE 



25 

0 

R 

26.7 

1 

32 

Mills 

STN 

S-ICE 

S-FRN 


150 

0 

U 

6.7 

.77 




A-ICE 



25 

0 

R 

26.7 

1 

33 

MDIS 

STN 

S-ICE 

S-FRN 


200 

0 

U 

5 

.7 




A-ICE 



25 

0 

R 

26.7 

1 

34 

MIHS 

STN 

S-ICE 

S-FRN 


25 

0 

R 

40 

1 




A-ICE 



25 

0 

R 

26.7 

1 

35 

MDIS 

STN 

S-ICE 

S-FRN 


50 

0 

R 

20 

1 




A-ICE 



25 

0 

R 

26.7 

1 

36 

MDIS 

3X 

S-ICE 

S-FRN 


50 

0 

R 

20 

1 




A-ICE 



50 

0 

R 

13.3 

1 

37 

MDIS 

3X 

S-ICE 

S-FRN 


75 

0 

R 

13.3 

1 




A-ICE 



50 

0 

R 

13.3 

1 

38 

MDIS 

3X 

S-ICE 

S-FRN 


100 

0 

R 

10 

1 




A-ICE 



50 

0 

R 

13.3 

1 

39 

MUIS 

3X 

S-ICE 

S-FRN 


150 

0 

R 

6.7 

1 




A-ICE 



50 

0 

R 

13,3 

1 

40 

MDIS 

3X 

S-ICE 

S-FRN 


200 

0 

R 

5 

.98 




A-ICE 



50 

0 

R 

13.3 

1 

41 

MDIS 

3X 

S-ICE 

S-FRN 


250 

0 

U 

4 

.92 




A-ICE 



50 

0 

R 

13.3 

1 


31 


TABLE 7. (Continued) 


TEST TYPE LENS 


TARGETS 


DIS ANG RSL FOU MTF 


42 

MD IS 

3X 

S-ICE 

S-FRN 




A-ICE 


43 

MDIS 

3X 

S-ICE 

S-FRN 




A-ICE 


44 

MDIS 

3X 

S-ICE 

S-FRN 




A-ICE 


45 

MDIS 

3X 

S-ICE 

S-FRN 




A-ICE 


46 

VDIS 

3X 

S-ICE 


47 

VDIS 

3X 

S-ICE 





S-ICE 


48 

SUNR 

3X 

S-ICE 

S-FRN 

49 

SUNR 

3X 

S-ICE 

S-FRN 

50 

SUNR 

3X 

S-ICE 

S-FRN 

51 

SKYB 

3X 

S-ICE 

S-FRN 

52 

SKYB 

3X 

S-ICE 

S-FRN 

53 

T-RES 

3X 

BAR-3 


54 

T-RES 

3X 

BAR-3 


55 

T-RES 

3X 

BAR-3 


56 

T-RES 

3X 

BAR-3 


57 

G-RES 

3X 

BAR-1 

BAR-2 

58 

G-RES 

3X 

BAR-1 

BAR-2 

59 

G-RES 

3X 

BAR-1 

BAR-2 

60 

G-RES 

3X 

BAR-1 

BAR-2 

61 

G-RES 

3X 

BAR-1 

BAR-2 

62 

G-RES 

3X 

S-ICE 

S-FRN 

63 

G-RES 

3X 

S-ICE 

S-FRN 

64 

G-RES 

3X 

S-ICE 

S-FRN 

65 

SUNR 

3X 

N-TFS 


66 

SUNR 

3X 

W-TF'S 


67 

SUNR 

3X 

W-ALUM 


68 

SUNR 

3X 

N-TPS 


69 

IRR 

3X 

N-TPS 


70 

IRR 

3X 

W-TPS 


71 

IRR 

3X 

W-ALUM 


72 

IRR 

3X 

B-ALUM 


73 

IRR 

3X 

BO-ALUM 


74 

ICE 

3X 

S-ICE 

S-FRN 

75 

LIUS 

3X 

L-ICE 

L-FRN 




S-ICE 

S-FRN 

76 

DRIZ 

3X 

S-ICE 

S-FRN 

77 

DRIZ 

3X 

S-ICE 


78 

DRIZ 

3X 

BAR-2 


79 

LIUS 

3X 

L-ICE 

L-FRN 




S-ICE 

S-FRN 

80 

LIUS 

3X 

L-ICE 

L-FRN 




S-ICE 

S-FRN 

81 

RADIO 

3X 



82 

NOTEST 3X 



83 

01 DEO 

3X 

BAR-2 


84 

G-RES 

3X 

BAR -2 

S-FRN 

85 

CLOUD 

3X 



86 

ICE 

3X 

S-ICE 

S-FRN 

87 

ICE 

3X 

TPS 




350 

0 

u 

2.9 

.84 


50 

0 

R 

13.3 

1 


400 

0 

u 

2.5 

.79 


50 

0 

R 

13.3 

1 


450 

0 

u 

2.2 

.76 


50 

0 

R 

13.3 

1 


500 

0 

u 

2 

.73 


50 

0 

R 

13.3 

1 


50 

0 

R 

20 

1 


3 

0 

R 

333.3 

1 


50 

0 

R 

20 

1 


50 

0 

R 

20 

1 


30 

0 

R 

20 

1 


100 

0 

R 

10 

1 


47 

30 

R 

21.3 

1 


47 

30 

R 

21.3 

1 


50 

0 

U 

2.5 

.79 


50 

0 

C 

2.5 

.79 


50 

0 

C 

2.5 

.79 


50 

0 

C 

2.5 

.79 


25 

0 

R 

16.7 

1 


30 

0 

R 

13.9 

1 


50 

0 

R 

8.3 

1 


75 

0 

R 

5.6 

1 

S-FRN 

75 

0 

R 

5.6 

1 

L-ICE 

300 

0 

U 

3.3 

.87 

L-ICE 

200 

0 

R 

5 

.98 

L-ICE 

150 

0 

R 

6.7 

1 


75 

0 

R 

33.3 

1 


75 

0 

R 

33.3 

1 


75 

0 

R 

33.3 

1 


75 

0 

R 

33.3 

1 


75 

0 

R 

33.3 

1 


75 

0 

R 

33.3 

1 


75 

0 

R 

33.3 

1 


75 

0 

R 

33.3 

1 


75 

0 

U 

4.4 

.95 

TPS 

75 

0 

R 

13.3 

1 


800 

0 

U 

3.1 

.85 


75 

0 

R 

13.3 

1 


50 

0 

R 

20 

1 


50 

0 

R 

20 

1 


50 

0 

R 

8.3 

1 


800 

0 

U 

3.1 

.85 


50 

0 

R 

20 

1 


800 

0 

U 

3.1 

CO 

u\ 


50 

0 

R 

20 

1 


0 

0 

R 

0 

1 


0 

0 

R 

0 

1 


30 

0 

R 

13.9 

1 


30 

0 

R 

13.9 

1 


0 

0 

R 

0 

1 

TPS 

27 

0 

R 

37 

1 


75 

0 

R 

33.3 

1 
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TABLE 7. (Concluded') 


TEST 

TYPE LENS 

T A 

R G E T 

s 

DIS 

ANG 

RSL 

FOV 

MTF 

as 

ICE 

3X 

TPS 



75 

0 

R 

33.3 

1 

89 

ICE 

3X 

TPS 



75 

0 

R 

33.3 

1 

90 

ICE 

3X 

S-ICE 

S-FRN 

TPS 

75 

0 

R 

33.3 

1 

91 

ICE 

3X 

TPS 



75 

0 

R 

33.3 

1 

92 

IRR 

3X 

BU-ALUM 



20 

45 

R 

20.8 

1 

93 

IRR 

3X 

WBV-ALUM 


20 

45 

R 

16.7 

1 

94 

ICE 

3X 

S-ICE 

S-FRN 

TPS 

75 

0 

R 

33.3 

1 

95 

G-RES 

STN 

BAR-1 



9.25 

0 

R 

45 

1 

96 

G-RES 

STN 

BAR-2 



9.25 

0 

R 

45 

1 

97 

IRR 

STN 

L-ICE 



17 

0 

R 

147.1 

1 

98 

IRR 

STN 

L-ICE 



17 

0 

R 

147.1 

1 

99 

IRR 

STN 

W-TPS 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

100 

IRR 

STN 

N-TPS 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

I 

101 

IRR 

STN 

W-ALUM 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

102 

IRR 

STN 

B-ALUM 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

103 

IRR 

STN 

WB-ALUM 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

104 

IRR 

STN 

WB-ALUM 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

105 

IRR 

STN 

W-ALUM 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

106 

IRR 

STN 

UU-ALUM 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

107 

IRR 

STN 

W-TPS 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

108 

IRR 

STN 

WW-TPS 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

109 

IRR 

STN 

N-TPS 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

110 

IRR 

STN 

WN-TPS 

S-ICE 

S-FRN 

26 

0 

R 

96.2 

1 

111 

IRR 

STN 

BU-ALUM 

S-ICE 

S-FRN 

26 

0 

U 

12.8 

.94 

112 

IRR 

STN 

WBV-ALUMS-ICE 

S-FRN 

26 

0 

U 

12.8 

.94 

113 

IRR 

STN 

BO-ALUM 

S-ICE 

S-FRN 

26 

0 

U 

12.8 

.94 

114 

SUNR 

3X 

N-TPS 

S-ICE 

S-FRN 

33 

0 

R 

75.8 

1 

115 

SUNR 

3X 

W-ALUM 

S-ICE 

S-FRN 

33 

0 

R 

75.8 

1 

116 

ICE 

3X 

TPS 



65 

30 

R 

38.5 

1 

117 

IRR 

STN 

B-ALUM 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

118 

IRR 

STN 

WB-ALUM 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

119 

IRR 

STN 

W-ALUM 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

120 

IRR 

STN 

WW-ALUM 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

121 

IRR 

STN 

B-TPS 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

122 

NOTEST 

STN 




0 

0 

R 

0 

1 

123 

IRR 

STN 

WB-TPS 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

124 

IRR 

STN 

N-TPS 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

125 

NOTEST 

STN 




0 

0 

R 

0 

1 

126 

IRR 

STN 

WN-TPS 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

127 

IRR 

STN 

W-TPS 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

128 

IRR 

STN 

WW-TPS 

S-ICE 

S-FRN 

32 

0 

R 

78.1 

1 

129 

SUNR 

50 

B-ALUM 

S-ICE 

S-FRN 

0 

0 

R 

0 

1 

130 

SUNR 

STN 

W-ALUM 

S-ICE 

S-FRN 

50 

0 

R 

50 

1 


DIS - Target Distance (ft.) 

ANG - Angle to Target Normal (Deg.) 

RSL - Resolution R “ Resolved, U * Unresolved 
FOV - Target Field-of-View (milli-radians) 

MTF - Modulation Transfer Function (Resolution) 
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5.2 Temperature Resolution 

The temperature resolution tests were performed using the five 
segment BAR :i target presented in Figure 4 and discussed in Section 
4.8. A total of six data scans were selected from the three tests and 
the processed data for each is presented in Table 8. The data scans 
presented were selected to obtain varying temperature profiles ranging 
from l.H’F profile on Test 55-0 to a 17°F profile on Test 56-9/10. The 
data in Table 8 compare the temperature profile ns measured by the 
thermocouples to that determined by the IR scanner. For each test the 
data from the ice reference and the five target segments are presented 
and include the scanner level determined from line scan data, the 
measured thermocouple data, the calculated temperature determined from 
the scanner level, and the error or difference between the measured 
(thermocouple) data and the calculated (scanner) data. 

Since the Freon reference target was not used in these tests, the 
scanner sensitivity was determined from the difference between the ice 
reference and the average of the five segments of the BAR- 3 target. 

The scanner absolute calibration was based on the ice reference, thus 
the ice target error was always zero. 

As shown in Table 8 the maximum temperature error experienced 
ranged from M.1°F on test 54-0 to -0.9°F on test 56-9/10 or approxi- 
mately * 1 , 0°F overall. Scanner resolution however is more appropriately 
specified in scanner units rather than actual temperatures, since the 
conversion from scanner units to temperature (sensitivity) is variable, 
dependent on atmospheric attenuation, lens configuration, target 
omissivities , and other parameters. Therefore, the maximum error in 
scanner units is also presented in Table 8 and is approximately ±0.35 
units overall. The relationship between temperature error and scanner 
error is expressed as 


K 

s 


where F is the error in temperature units, is the basic scanner 

resolution error , is the scanner temperature sensitivity , and A is the 

attenuation factor due to atmospheric attenuation, lens configxirations , 
filters, etc. A scanner resolution of ±0.35 units as shown by this 
analysis is in agreement with general observations of scanner output , 
particularly in the line scan mode, which shows a noise constant of 
approximately ±0.25 to ±0.33 units inherent in the instrument. 
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TABLE 8. TEMPERATURE RESOLUTION TEST RESULTS 


UHT 54-0 


SENKIUVIIY » .344 UNITS UEGF 


r ARUE 1 

l EVEl 
uiNiro 

MLA5 
TEMP 
(DEGF ) 

CALC 

TEMP 

(DEGF) 

ERROR 
( DEGF ) 


I CL 

1.0 

32.0 

32 . 0 

0.0 


1 

' . 5 

M . 5 

50.9 

-0.4 


n 

W.O 

CO. 7 

50.4 

-0.3 

MAXIMUM SCANNER 

3 

8.0 

52.7 

52.4 

-0.3 

ERROR *+.378 UNITS 

4 

7.8 

51.8 

51.8 

0.0 


5 

7.4 

49.5 

50.6 

1 . 1 



IF SI 55-6 



SENS IT I V I T Y 

= .401 UNlTS/LiEGF 





ME AS 

CALC 





LEVEL 

T EMP 

TEMP 

ERROR 



TARGET 

(UNIT'S) 

(DEGF) 

< LlEUf" ) 

< LlEGF ) 



ICE 

3*6 

32.0 

32.0 

0.0 



1 

8.1 

42.4 

43.2 

0.8 



2 

8,6 

44.5 

44.5 

0.0 

MAXIMUM 

SCANNER 

3 

8.9 

45.9 

45.2 

-0.7 

ERROR * 

-.321 UNITS 

4 

9.0 

45.3 

45.4 

0.1 



5 

8.5 

44.4 

44.2 

•0,2 




TEST 55- 

-9 


SENS! UVMY 

. 566 tlNl IS'UEGI 




ME AS 

CALC 




LE VI: l. 

TEMP 

TEMP 

ERROR 


TARGE I 

(UN 1 IS) 

( DEGE ) 

(HI Gf ) 

(HE OF ) 


i; cl 

1 . 2 

32,0 

32.0 

0,0 


i 

7.4 

49.2 

49.0 

-0.2 


0 

8.3 

50 . 6 

50 . 9 

0.3 

MAXIMUM SCANNER 

3 

8.1 

50.8 

50.9 

0.1 

ERROR =•.+, 110 UNITS 

4 

7 . 8 

50.0 

50.0 

0.0 


5 

7 , 0 

48.0 

47.9 

0 , 1 
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TABLE 8. (Concluded) 


Tf«T 54-2/3 SENSITIVITY * ,34* UNITS/DCOF 


TAR0E1 

LEVEL 

<unna* 

MEA8 

TEMP 

CfiEOEl 

CALC 
TEMP 
<Hl Of ) 

ERROR 

<DEOF> 


ICE 

0.9 

32,0 

32,0 

0,0 


1 

'** 

17.4 

~ 

- 


2 

3.5 

39,5 

3f,a 

0.0 

MAX1MUN SCANNER 

3 

7.2 

50.4 

50,2 

-0,4 

ERROR *-.13» UNITS 

4 

9.0 

55,3 

55,4 

0.1 


a 

9.4 

54,4 

;m,4 

0,2 



TEST 56 

*****,, 

-7/S 


SENSITIVITY 

* ,318 UNITB/UEflF 




MEAT, 

CALC 




LEVEL 

TEW* 

1 RHP 

ENRON 


TARGET 

(UNITS) 

(BEST) 

(pfe'un 

< DEGF 1 


ICE 

1,9 

32.0 

32. 0 

0,0 


1 

~ 

10, t 

** 

m' 


2 

4,6 

4 1 , %i 

40,0 

-0.7 

MAXIMUM SCANNER 

3 

0,0 

51.7 

51,5 

-0,2 

ERROR *-,223 UNITS 

4 

9.5 

55,9 

56,2 

0,3 


5 

9.9 

57.0 

5/, 5 

O.S 

♦ 


TEST 56-9/iO SENSITIVITY » .313 UMITS/8C0F 




MEAfe 

CALC 




Lfed'.L 

TEMP 

TEMP 

ENRON 


TARGETS 

CL** fS> 

< PE (if ) 

CIIEUE) 

aitan 


ICE 

i * / 

32,0 

32.0 

0.0 


1 

- 

17,9 


~ 


2 

4,2 

40,9 

40.0 

0,9 

MAXIMUM SCANNER 

3 

7,B 

51 ,6 

51.4 

"0,2 

ERROR » — 282 UNITS 

4 

9.4 

56,0 

56,5 

0,5 


5 

9.H 

57,3 . 

S7,8 

0,5 
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5.3 Temperature Sensitivity 

As previously diseussed, the data output by the IR scanner is in 
raw scanner units which must be calibrated to obtain actual temperatures. 
The relationship between scanner units and temperature is the instru- 
ments' temperature sensitivity (.S,) expressed in units per °F. This 

s 

sensitivity is dependent on many factors including- the target emissivity, 
the target temperature (i.e., the sensitivity varies with temperature), 
atmospheric attenuation, and the scanner optics configuration including 
lens filters , etc. To determine the sensitivity for given conditions it is 
required io view two known reference targets under the same conditions. 
The sensitivity is then calculated as 


where 1^ and 1^ are the scanner readings corresponding to the two 
reference targets at temperatures T^ and T . Throughout the test pro- 
gram, an ice /water tank and a Freon 114 tank were used as the two 
reference targets. The thermocouple data from these tanks for the first 
17 tests are presented in Table 9. The absolute temperatures shown are 
in error because the thermocouple reference junction was misadjusted; 
however, the ti. mperature difference between the tanks is correct. As 
shown, the temperature difference is fairly stable with an average reading 
of 6.66°F and a standard deviation of 0.3°F or 4.5 percent. 

Possible errors due to the variation of sensitivity with temperature 
are shown in Figure 12 which depicts the theoretical actual measured 
temperatures for a scanner calibrated by a 32°F and a 42°F reference 
target pair. As shown, the error is insignificant within the range of the 
reference targets and becomes important only at temperatures beyond the 
range of interest. Therefore, we can neglect sensitivity changes with 
temperature unless the target temperature is substantially beyond the 
range of the reference targets. 

Using the average temperature difference between the reference 
tank pair as 6.66°F, the sensitivity was calculated for all the tests with 
sufficient data available and is tabulated in Table 10. The sensitivity is 
shown for line scan and isotherm data and the average of the two. For 
those targets that were not geometrically resolved, a corrected sensitivity 
was calculated based on the percent resolution for the target and the 
ambient temperature. It should be realized however that the creditability 
of the corrected reading is low and is presented for information only. 
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TAHLli 9. UHl-KUKNC'H TANK TIvWl’FH ATURK DATA 


Test 

Average lee 
Temperature 

Average Freon 
Temperat ure 

Delta 

1 

29.3 

36 . 2 

6.9 

2 

30.0 

36.3 

6.3 

3 

30.0 

37.0 

7.0 

4 

30. 1 

36.6 

0.5 

5 

30.4 

36.7 

0. 3 

0 

30.2 

37.1 

0. 9 

7 

30.3 

37. 3 

7.0 

8 

30.5 

37.2 

() . 7 

9 

30.0 

36.7 

6.7 

10 

30.0 

36 . 8 

6. 8 

11 

30 . 1 

36 . 6 

6.5 

12 

29.9 

37 . 0 

7. 1 

13 

30.2 

37 . 1 

6, 9 

14 

30. 3 

36.6 

6.3 

15 

30.3 

36.8 

6.5 

16 

30 . 7 

36.8 

6.1 

17 

30.3 

37.1 

6.8 



AVG 

6.66 



O' 

0.30 


Standard lens sensitivities for the 10 scale versus distance are 
presented in Figure 13. The reference tests were all taken at one 
distance and show a considerable spread, probably due to viewing angle 
effects. The multi- distance tests show a slight decrease in sensitivity 
with distance which was expected (note that the multi-distance data are 
unresolved after 75 ft) . 

Figures 14 and 15 present similar data for the 3X telescope lens. 
The reference test and multi -distance test data are presented in Figure 
14, and the resolution and ice /frost test data are presented in Figure 15 

From Figure 14 we see the same decrease in sensitivity with 
distance as observed with the standard lens. The reference tests which 
were performed indoors on a rainy day show a lower sensitivity than the 
multi-distance tests, probably due to the increased humidity. Figure 15 








Figure 12. Theoretical scanner error versus temperature. 
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TABLE 10. 


IR SCANNER SENSITIVITY DATA 


SENSITIVITY 


TEST 

TYPE 

IFNS 

SCALE 

DIST 

ANG 

RSI. 

LINE SCAN 

ISOTHERM 

AVERAGE 

1 . 

FiEF 

STN 

10 

25 

0 

R 

,36 

,345 

. 352 

2 

REE 

STN 

10 

25 

0 

R 

.36 

.345 

,352 

3 

REF 

STN 

10 

25 

30 

R 

.3 

.315 

.307 

4 

REF 

STN 

10 

25 

50 

R 

.15 

.18 

. 165 

5 

REF- 

STN 

10 

25 

50 

R 

.285 

,27 

.277 

6 

REF 

STN 

10 

25 

70 

R 

,3 

.21 

.255 

7 

REF 

STN 

10 

25 

70 

R 

,3 

.24 

.27 

8 

REF- 

STN 

10 

25 

70 

R 

.3 

,225 

.262 

9 

REF 

STN 

1.0 

25 

70 

R 

.285 

,27 

. 277 

10 

REF 

STN 

.10 

25 

50 

R 

.3 

.285 

,292 

11 

REF 

STN 

10 

25 

30 

R 

,3 

.285 

,292 

12 

REF- 

STN 

10 

25 

0 

R 

.285 

.27 

.277 

13 

REF 

STN 

10 

25 

0 

R 

.3 

.315 

,307 

14 

REF 

3X 

1.0 

66 

0 

R 

.315 

.315 

,315 

15 

REF 

3X 

.1.0 

66 

0 

R 

.315 

.285 

.3 

16 

REF- 

3X 

1.0 

100 

0 

R 

.3 

,255 

.277 

17 

REF 

3X 

10 

100 

0 

R 

,3 

.3 

,3 

18 

FOG 

3X 

10 

75 

0 

R 

.42 

.42 

.42 

19 

FOG 

3X 

10 

100 

0 

R 

.3 

,375 

.337 

20 

FOG 

3X 

10 

150 

0 

R 

.24 

.27 

,255 

21 

FOG 

3X 

10 

200 

0 

R 

,15 

.21 

. 18 

27 

FOG 

3X 

10 

250 

0 

U 

,15 

.225 

, 187 





CORRECTED 

,163 

.244 

.203 

23 

FOG 

3X 

10 

300 

0 

U 

.165 

.195 

.18 





CORRECTED 

,189 

.224 

,206 

24 

FOG 

3X 

10 

350 

0 

u 

.165 

.165 

.165 





CORRECTED 

. 198 

.198 

.198 

25 

FOG 

3X 

1.0 

75 

0 

R 

.375 

.465 

.42 

28 

MDIS 

STN 

10 

25 

0 

R 

0 

.315 

.315 

29 

MIiIS 

STN 

10 

50 

0 

R 

0 

.285 

.285 

30 

MDIS 

STN 

10 

75 

0 

LJ 

0 

.27 

.27 





CORRECTED 

0 

.281 

.281 

31 

MDIS 

STN 

10 

100 

0 

U 

0 

.255 

.255 





CORRECTED 

0 

.289 

.289 

32 

MDIS 

STN 

10 

150 

0 

U 

0 

.24 

.24 





CORRECTED 

0 

.311 

.311 

33 

MDIS 

STN 

10 

200 

0 

U 

0 

.21 

. 21 ' 





CORRECTED 

0 

.299 

.299 

34 

MDIS 

STN 

10 

25 

0 

R 

.3 

.285 

.292 

35 

MDIS 

STN 

10 

50 

0 

R 

.3 

.345 

.322 

36 

MDIS 

3X 

1.0 

50 

0 

R 

.435 

.435 

.435 

37 

MDIS 

3X 

10 

75 

0 

R 

0 

.42 

.42 

38 

MD IS 

3X 

10 

1 00 

0 

R 

.45 

,45 

,45 

39 

MDIS 

3X 

10 

150 

0 

R 

0 

,375 

. 375 

40 

MDIS 

3X 

10 

200 

0 

R 

,345 

.345 

,345 

41 

MDIS 

3X 

10 

250 

0 

LI 

.39 

.42 

.405 





CORRECTED 

.423 

. 456 

.44 

42 

MDIS 

3X 

10 

350 

0 

LJ 

.345 

.33 

.337 





CORRECTED 

.41 

.392 

.401 

43 

MDIS 

3X 

10 

400 

0 

0 

.375 

.375 

.375 





CORRECTED 

,474 

.474 

.474 

44 

MDIS 

3X 

10 

450 

0 

0 

, 195 

.18 

. 187 





CORRECTED 

,256 

.236 

.246 
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TABLE 10. (Continued) 









S 1 N S 

1 T l C I 

1 * 

rest 

TYRE 

LENS 

aCAt E 

MSI 

ANG 

KSL 

l INE SCAN 

ISOTHERM 

*V ‘*Abt 

45 

MDIB 

3 X 

10 

500 

0 

11 

*315 

.27 

. 7*2 





CORRECTED 

.431 

.369 

.4 

4 9 

SUNK 

3X 

10 

50 

0 

R 

*42 

.42 

.47 

51 

SKYB 

3X 

to 

47 

30 

R 

.42 

.42 

.47 

52 

5KYB 

3X 

10 

47 

30 

R 

.48 

.48 

.48 

54 

T-RES 

3X 

1 0 

50 

0 

H 

.343 

0 

.343 

55 

T RES 

3X 

10 

50 

0 

R 

.382 

0 

. 382 

56 

T-RES 

3X 

10 

50 

0 

R 

.325 

0 

.325 

61 

8 RES 

3X 

to 

75 

0 

R 

.45 

0 

.45 

6? 

G-RES 

3X 

to 

300 

0 

U 

.285 

.27 

*777 





CORRECTED 

♦ 327 

.31 

.318 

63 

G-RES 

3X 

10 

200 

0 

R 

.42 

.405 

.412 

64 

G-RES 

3X 

10 

150 

0 

R 

.39 

0 

.39 

74 

ICE 

3X 

20 

75 

0 

R 

.3 

.24 

.27 

75 

1 DIS 

3X 

10 

800 

0 

U 

• 45 

.39 

.42 





CORRECTED 

.529 

.458 

.494 



2ND 

TRGT SET 

75 

0 

R 

.33 

.315 

.322 

76 

HRiz 

3X 

10 

50 

0 

R 

.36 

0 

.36 

79 

i ms 

3X 

10 

800 

0 

U 

.39 

.375 

.382 





CORRECTED 

.458 

.441 

.449 



2ND ' 

tRGT SET 

50 

0 

R 

.36 

.36 

.36 

eo 

in is 

3X 

10 

800 

0 

U 

.375 

.345 

.36 





CORRECTED 

.441 

.405 

.423 



2ND 

trot set 

50 

0 

R 

.36 

.36 

.36 

84 

G-RES 

3X 

10 

30 

0 

R 

.45 

0 

.45 

86 

ICE 

3X 

10 

27 

0 

R 

0 

.375 

.375 

90 

irr 

3X 

10 

75 

0 

R 

0 

.285 

.285 

94 

ICE 

3X 

10 

75 

0 

R 

0 

.33 

.33 

98 

IRR 

SIN 

10 

17 

0 

R 

0 

.315 

.315 

99 

IRR 

STN 

20 

26 

0 

ft 

0 

.18 

.18 

100 

IRR 

STN 

20 

26 

0 

R 

0 

*15 

.15 

101 

IRR 

STN 

20 

26 

0 

R 

0 

.135 

.135 

102 

IRR 

STN 

20 

76 

0 

R 

0 

.135 

.135 

103 

IRR 

STN 

20 

26 

0 

R 

0 

.15 

.15 

104 

IRR 

STN 

20 

26 


:':R 

0 

.15 

.15 

105 

IRR 

STN 

70 

26 

0 

R 

0 

.135 

.135 

106 

IRR 

STN 

20 

26 

0 

R 

0 

.135 

♦ 135 

10"' 

IRR 

STN 

20 

26 

0 

R 

0 

.12 

.12 

1.08 

IRR 

STN 

20 

76 

0 

R 

0 

.135 

, 1 35 

109 

IRR 

STN 

20 

76 

0 


0 

♦ 15 

.15 

1 10 

IRR 

SIN 

70 

Is 6 

0 

(V 

0 

.15 

. 1.5 

til 

IRR 

SIN 

70 

26 

0 

li 

0 

. 165 

.165 





TORRES 

rr n 

0 

.175 

. 1/5 

1 1 2 

IRR 

STN 

">0 

76 

0 

u 

r* 

. 1 95 

.195 





CORRECTED 

0 

.207 

.207 

1 1 3 

1 RE 

STN 

20 

76 

0 

ii 

l. 

. 225 

. 275 





CORREf TED 

0 

, 739 

.739 

1 14 

SUNK 

XX 

70 

33 

0 

r-. 

0 

, ">55 

.255 


TAHIjK 10. 


(Concluded) 


i n s i r r v i r y 


TEST 

TYPE 

I F NS! 

SCAI II 

D I B I ANG RBI 

1 INF SCAN 

ISOTHERM 

AVERAGE 

1.21 

IRR 

BTN 

20 

32 0 ft 

0 

. 105 

.105 

123 

IRR 

BIN 

20 

32 0 R 

0 

.0? 

.09 

1.24 

IRR 

BIN 

20 

32 0 R 

0 

.105 

. 105 

1.2 A 

IRR 

BIN 

20 

32 0 R 

0 

.09 

.09 

127 

IRR 

BIN 

20 

32 0 R 

0 

. 12 

.12 

128 

IRR 

8TN 

20 

32 0 R 

0 

.105 

.105 


DXST - Target Distance (ft.) 

ANG - Angle to Target Normal (Deg.) 

RSL - Resolution R * Resolved, li - Unresolved 

Line Scan - Sensitivity from Line Scan Mode (units/°F) 
Isotherm - Sensitivity from Isotherm Mode (units/ F) 
Average - Average of Line. Scan and Isotherm 


shows the same distance effects for the geometric resolution tests. The 
temperature resolution tests and ice /frost tests show a moderate amount 
of spread probably due to dispersions caused by reference target errors, 
emissivity shifts, scanner resolution limits, etc. 

Figure 16 presents data from the fog tests which used the 3X 
telescope lens and the 10 scale. As shown there is a significant drop 
with distance which is substantially greater than would be predicted for 
atmospheric attenuation under 100 percent humidity conditions. This 
greater attenuation is attributed to the suspended water particles which 
are present in fog and effectively increase the atmospheric emissivity. 

A summary of the nominal sensitivities for the two lens configura- 
tions is presented in Table 11 which is an average of selected data from 
Table 10. The data selected do not include any tests over 150 ft viewing 
distance, any tests with unresolved data, or any drizzle or fog tests. 
These data should be considered as the average sensitivity with the 
specified deviations for nominal close range viewing conditions. 


5.4 Distance Effects 

The effect of viewing distance on sensitivity was discussed in the 
previous section where it was shown that sensitivity decreased with 
increasing distance. The cause for the decrease in sensitivity is 
atmospheric attenuation of the target energies coupled with receipt of 
energy from the atmosphere itself. The predominant parameter affecting 
atmospheric attenuation is the water vapor content of the atmosphere, 
since effects from other gases (e.g., CC> 2 ) are insignificant for the 


42 


rS/DEG F 




44 


O REFERENCE TEST 
A MULTI DISTANCE TEST 
K CORRECTED MDIS TEST 











(i! RESOLUTION CORRECTED DATA 



Sensitivity versus distance for fog tests 






TABLE 11. SENSITIVITY AVERAGES 


Configuration 

Average 

Sensitivity 

Standard 

Deviation 

Standard Lens 
10 Scale 

0.313 

0.0267 

Standard Lens 
20 Scale 

0.144 

0.0149 

3X Telescope 
10 Scale 

0. 369 

0.0618 

3X Telescope 
20 Scale 

0.25 

0.0229 


bandwidth of the IR scanner (i.e., 8 to 12 microns). The spectral 
emissivity of water vapor is shown in Figure 17 for two sets of typical 
conditions. As shown there is a "transmittance window" at the band 
width of the scanner with the emissivity being insignificant (for the 
cases shown) between 9 and 12 microns. The stated band width for the 
scanner (8 to 12 microns) is also shown; however, the vendor has 
indicated that the cutoff at 8 microns is a gradual roll off such that the 
scanner is somewhat sensitive to energy above 8 microns. Since this 
is the edge of the "transmittance window," atmospheric attenuation is 
highly dependent on the actual bandwidth of the scanner. As indicated 
in Figure 17 the effective emissivity of the atmosphere increases as the 
viewing distance is increased or as the water vapor content of the 
atmosphere is increased (high humidity). In addition to the decrease in 
scanner sensitivity already noted, the atmospheric attenuation also causes 
a shift in the apparent target temperature. As the viewing distance is 
increased, the target temperature appears to approach the ambient tem- 
perature, which for the current application would be a temperature 
increase. This is a potential problem since the viewing distance from a 
scanner mounted on the Fixed Service Structure (FSS) would vary as 
the ET is scanned vertically, and for many ET stations would be different 
than the reference target viewing distance. 

The multiple distance tests (reference Section 4.5) were conducted 
to assess this problem and the resultant data are tabulated in Table 12. 
The data presented are the apparent temperature shift between two 
targets at different distances but at the same temperature. Data from 
the line scan mode and the isotherm mode are included (where available) 
a- well as the average of the two. When both an ice tank pair and a 
Freon tank pair were used, the overall average of both was computed. 

As with the sensitivity analysis, corrected data are included for those 
tests with unresolved targets and are based on the percent resolution 
and the ambient temperature as follows: 
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TABLE 12. MULTI-DISTANCE APPARENT TEMPERATE®- 








in l -let 

> 

I- Kt 

3N1-P RE0N2 

OVERALL 

TESJ 

TYPE 

LENS 

uisu uistj 


l S 

ISO 

AVt 

l s 

ISO 

ALc 

AVG 

28 

MUIS 

SIN 

25 K 35 

R 

, i 

0 

0 

0 

0 

0 

0 

29 

MUIS 

SIN 

50 K 25 

R 

0 

1.3 

1.3 

0 

0 

0 

1.3 

30 

MIiIS 

STN 

75 IJ 25 

R 

0 

3.3 

3.3 

0 

0 

0 

3.3 




CDRRLC1EU 


0 

2 . 1 

2.1 

0 

0 

0 

2. 1 

31 

Mias 

STN 

100 U 75 

R 

0 

7.2 

7.2 

0 

0 

0 

7,2 




CORRECIEU 


0 

3 

3 

0 

0 

0 

3 

3'.’ 

Mills 

SIN 

150 11 25 

R 

0 

11.1 

11,1 

0 

0 

0 

11.1 




COKKLCIEU 


0 

3,1 

3.1 

u 

0 

0 

3.1 

‘ 33 

Mias 

STN 

200 U 25 

R 

0 

14.4 

14.4 

0 

0 

0 

14.4 




CORREC I Eli 


0 

3.5 

3,5 

0 

0 

0 

3.5 

34 

Mias 

SIN 

35 R 25 

R 

.9 

0 

.9 

0 

0 

0 

.9 

35 

MLUS 

STN 

50 R 25 

R 

1.3 

1.8 

1.3 

0 

0 

0 

1.3 

33 

MUIS 

3X 

50 R 50 

R 

.7 

0 

.2 

0 

0 

0 

.2 

37 

MUIS 

3X 

75 H 50 

R 

0 

,2 

.2 

0 

0 

0 

.2 

38 

MUIS 

3X 

100 H 50 

R 

.6 

.9 

.8 

0 

0 

0 

.8 

39 

Mias 

3X 

150 R 50 

R 

0 

5.1 

5.1 

0 

0 

0 

5.1 

40 

MUIS 

3X 

200 R 50 

R 

8.1 

8.8 

8.4 

0 

0 

0 

8.4 




CURREi; IE U 


7,4 

8.1 

7.8 

0 

0 

0 

7.8 

41 

MUIS 

3X 

250 U 50 

R 

3,2 

5.8 

3 

0 

0 

0 

3 




CURRECTEU 


3.2 

2.7 

3 

0 

0 

0 

3 

42 

MUIS 

3X 

350 U SO 

R 

4.8 

4,3 

4.7 

0 

0 

0 

4.7 




CURRECTEU 


2.1 

2.1 

2,1 

0 

0 

0 

2.1 

43 

MUIS 

3X 

400 U 50 

R 

0 

9 

9 

0 

0 

0 

9 




CURRECTEU 


0 

.3 

.3 

0 

0 

0 

.3 

44 

MUIS 

3X 

450 U 50 

R 

10.4 

11.1 

10,8 

0 

0 

0 

10.8 




CORRECTEU 


.4 

1,4 

.9 

0 

0 

0 

.9 

45 

MUIS 

3X 

500 U 50 

R 

8.8 

9.5 

9.1 

0 

0 

0 

9.1 




CORRECTEU 


3 

2.1 

2.5 

0 

0 

0 

2.5 

75 

LUIS 

3X 

800 U 75 

R 

8.7 

B.4 

8.3 

11.2 

9,9 

10.3 

9.3 




CORRECTEU 


.8 

.7 

.8 

4.9 

3.3 

4.2 

2.5 

79 

LUIS 

3X 

800 U 50 

R 

7.2 

8 

7.3 

7.7 

8.3 

8 

7.8 




CORRECTED 


3.3 

4.3 

3.8 

5.1 

5.8 

5.5 

4.7 

80 

LUIS 

3X 

800 U 50 

R 

7.2. 

8.3 

7.7 

7.5 

8 

7.7 

7.7 




CORRECTEU 


3.2 

4.5 

3.8 

4.7 

5.3 

5 

4.4 


DIST1 - Far target distance (ft) 
DXST2 - Near target distance (ft) 
LS - Line scan data (°F) 

ISO - Isotherm data (°F) 

AVG - Average of LS and ISO data 
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where I (j is the ambient scunner level, I t is the target scanner level, f 

is the resolution factor (0 to 1), and 1^ is the corrected target scanner 

level. The target scanner level is then converted to temperature based 
on the sensitivity from the near targets. As with the sensitivity analysis, 
the credibility of this corrected data is questionable and is included to 
help assess trends. 

Apparent temperatures versus distance are plotted in Figure 18 
for the standard lens, and Figure 19 for the 3X telescope. The data 
plotted are the apparent temperature of the far target as it is moved 
away from the near fixed target which is assumed to be at 32°F. Sig- 
nificant errors can result for distance changes as small as 50 ft, par- 
ticularly at close range. As the viewing distances increase, however, 
the error due to a delta distance decreases since the function’ is 
exponential. 

An option available which could be used to reduce multi-distance 
effects is a spectral filter to sharply cutoff energy above 9 microns , 
thus eliminating most all of the atmospheric attenuation effects due to 
water vapor. However, because of the narrower band width the total 
energy received at the detector is reduced, thus reducing the scanner 
sensitivity. This in turn results in a higher temperature resolution 
error (reference Section 5,2). The tradeoff of decreased sensitivity for 
a significant reduction in distance effects may be desirable and will have 
to be assessed. 


5.5 Reflections 

Since most all surfaces, including the ET TPS surface, are not 
perfect "black body radiators," any determination of surface temperature 
using IR scanning techniques will involve possible errors due to reflec- 
tions. Reflectance is the portion of energy incident on a surface which 
is neither absorbed nor transmitted through the object. Since the 
transmittance can be assumed zero for the current application , the reflec- 
tance can be calculated according to Kirchhoff's law as: 


+ . -- 1.0 


where is the reflectance and is the emissivity of the surface for 

the spectral ba' width of interest (i.e., X = 8 to 12 microns). The 
emissivity of the current ET white paint (FRL-3) is 0.89 to 0.91 whereas 
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Fig'ure 18. Apparent ice target temperature versus distance 








both water and ice reportedly have emissivities in the 0.94 to 0.96 range. 
Therefore the reflectance can be expected to be between 0.04 and 0.11 
for normal conditions. 

For targets with a finite reflectance (i.e., emissivity less them 1), 
the incoming energy detected by the scanner is the sum of the emitted 
and reflected energy from the target as follows: 


E , = e x E ... . + (1 - e) x E . . , , 

sensed emitted ' ambient 


where E ern j tte( j * s a function of the target temperature and E arn ^ ent is 

dependent on the effective ambient temperature. If the reference targets 
used to calibrate the scanner have the same emissivity as the target 
being measured and if the background radiation is the same for both, 
then the reflected ambient will cancel out in the calibration and there 
would be no error due to reflections. However, differences in emissivity 
between the reference and the measured targets, or differing ambient 
conditions, can cause errors which may become significant. The relation- 
ship governing the temperature sensed by a typical scanner, disregarding 
atmospheric attenuation effects , can be expressed by the following 
equation: 


T s = c i + C 2 [e T t 4 + (1 - e) T 4 ] , 


where T t is the target temperature, T^ is the effective background 

temperature, and e is the target emissivity. The above equation can be 

solved for the various influence coefficients including the target 

emissivity influence (3T /3e) and the background temperature influence 

s 

(3T /3T„). These coefficients are 

S D 


3 T 

s 
3 e 



4e T t 3 


and 


3 T 
3 T 


s_ 

B 


(1-e) 


eT 


T 

3 ~ 

t 


4 

B 
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where the appropriate substitutions were made for constants mid C 0 . 

As seen, the target emissivity influence is zei*o if the target and back- 
ground temperatures are the same. For background temperatures higher 
than the target, the influence is negative, and for a background colder 
than the target, the influence is positive. However, the background 
temperature influence is always positive. An increase or decrease in the 
background temperature always causes a corresponding increase or 
decrease in the sensed temperature. The above equations assume the 
reference target temperature and the measured target temperatures 
remain constant. In addition it can be shown that the emissivity influence 
coefficient is valid for changes in either the reference target emissivity 
or the measured target emissivity assuming the other is constant. 

Similarly, the background temperature influence coefficient can be used 
for changes in effective background temperature at either the reference 
target or the measured target, assuming the other is unchanged. These 
influence coefficients have been evaluated for the range of emissivities 
and background temperatures expected, and are presented in Table 13. 
Also included in Table 13 are typical temperature errors evaluated for a 
change in emissivity of 0.05 and a background temperature change of 
50°F. As shown, the error due to emissivity shifts within the expected 
range is approximately ±2.5°F. Errors due to background temperature 
shifts can be substantial for the lower emissivities, but are generally 
within ±2.5°F for the higher emissivities of ice and water. 

In addition to the normal shift in emissivity between dry and wet 
(or ice), the emissivity may also vary with viewing angles, particularly 
at off-normal angles of 45° or more. Published data for water and ice 
indicate that the emissivity is constant at 0.95 for angles up to 50° 
where the emittance begins to drop, falling off to below 0.7 for an 80° 
viewing angle. The IR reflection tests described in Section 4.11 were 
conducted to assess this problem. 

Tests 97 and 98 were conducted in the Building 4561 High Bay area 
and utilized the large ice reference tank as the target. This target is 
flat black with an estimated emissivity (normal) of 0.95. During the 
test, the target was rotated to achieve different viewing angles while 
maintaining a c hant background temperature (i.e. , the building). 

Any change in apparent temperature then should be due to an emissivity 
shift with angle. Test 97 was conducted with a wet target (condensate) 
whereas for test 98 the target was wiped dry. As seen in Table 14, 
both tests exhibited the general trend of reduced emissivities at high 
viewing angles, with the dry tank showing a higher error than the wet. 
For viewing angles of 45° or less, the maximum error seen was 1.3°F. 
However, since only two tests were conducted these data can only be 
considered preliminary. 

To assess other surface coatings , particularly the TPS samples , 
additional tests were conducted using the surface coating targets listed 
in Table 2. Since these targets were at ambient temperature, the LN 2 
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TABLE 13. TARGET INFLUENCE COEFFICIENTS 



T = 
B 

70°F 

T = 
B 

15°F 

Emissivity 

e = 0.89 

e = 0.96 

e = 0.89 

c = 0.96 

3 T 





s 
3 e 

-43.7 

-40.5 

+48.2 

+52.0 

Error for 
Ae = 0.05 

-2. 2°F 

-2. 0°F 

+2. 4°F 

+2. 6°F 

Background Temperature 





DT 





3T b 

0. 152 

0.051 

0.090 

0.030 

Error for 





ATg = 50° 

7. 6°F 

2. 6°F 

4. 5°F 

1. 5°F 


TABLE 

14. AMBIENT 

INFRARED 

REFLECTION TEST 

RESULTS 



Level 


Temperature 

Effective 

Angle 

Level 

Shift 


Shift 

Emissivity 


Test 97 

Wet 30 x 

30 

Black Ice Tank 


0 

5.7 

0 


0 

0.95 

(Assumed) 

30 

5.7 

0 , 


0 

.0.95 

45 

5.8 

0.1 


0.32 

0.94 

60 

5.9 

0.2 


0.63 

0.935 

80 

6.5 

0.8 


2.54 

0.89 


Test 98 Dry 30 x 

30 

Black Ice Tank 


0 

1.8 

0 


0 

0.95 

(Assumed) 

30 

1.8 

0 


0 

0.95 

45 

2.2 

0.4 


1.27 

0. 92 

60 

2.4 

0.6 


1.90 

0.91 

85 

5.1 

3.3 


10.46 

0.71 

60 

2.0 

0.2 


0.63 

0.94 

45 

1.75 

-0.05 


-0.16 

0.95 

30 

1.7 

-0.1 


-0. 31 

0.95 

0 

1.7 

-0.1 


-0.31 

0.95 








eoldplate surface was used as the background to provide a difference in 
background and target temperatures. The results from these tests are 
presented in Table 15 which lists the maximum temperature shift seen and 
the angle. As the targets were rotated toward the LNg eoldplate surface 

there was little change noted until the specular angles were reached, 
where the temperature shift peaked rapidly. This strong specular 
reflection makes it difficult to assess the data since the temperature 
shifts shown are due to both background changes and emissivity changes 
which must be separated to analyze the data. Determination of the back- 
ground changes involved calculation of the view factor between the 
sample and the LNg eoldplate which is complicated by specular reflections. 

Therefore two sets of emissivity shifts were calculated as the extremes 
and are presented in Figure 15 with the actual emissivity shift assumed 
to be within the range shown. Because of the uncertainty in the data, 
it is difficult to distinguish any difference between the material samples. 



TABLE 

15. INFRARED 

REFLECTION 

FROM LN„ 

PANEL 






TEST RESULTS 








NORM 

REFL 

DELTA 




TEST 

TYPE 

LENS 

TARGET 

TEMP 

TEMP 

TEMP 

EMISSIVITIES 

ANGLE 

99 

IRR 

STN 

U-TPS 

72 

64.9 

7.1 

.8 

.9 

52 

100 

IRR 

STN 

N-TPS 

72 

66 

5.97 

.83 

.91 

52 

101 

IRR 

STN 

W-ALUM 

73 

68.2 

4.84 

.86 

.93 

52 

102 

IRR 

STN 

B-ALUM 

73 

71.1 

1.94 

.94 

.97 

51 

103 

IRR 

STN 

WB-ALUM 

73 

70.4 

2.58 

.93 

.96 

55 

104 

IRR 

STN 

WB-ALUM 

73 

68.5 

4.52 

.87 

.94 

55 

105 

IRR 

STN 

W-ALUM 

73 

68.5 

4.52 

.87 

.94 

55 

106 

IRR 

STN 

WW-ALUM 

75 

69.8 

5.16 

.85 

.93 

55 

107 

IRR 

STN 

W-TPS 

75 

71.8 

3.23 

.91 

.95 

55 

108 

IRR 

STN 

WW-TPS 

78 

73.2 

4.84 

.87 

.93 

55 

109 

IRR 

STN 

N-TPS 

78 

71.5 

6.45 

.82 

.91 

55 

110 

IRR 

STN 

WN-TPS 

78 

73 

5 

.86 

.93 

55 

111 

IRR 

STN 

BV-ALUM 

78 

76.4 

1.61 

.96 

.98 

55 

112 

IRR 

STN 

WBV-ALUM 

78 

72.2 

5.81 

.84 

.92 

55 

113 

IRR 

STN 

BV-ALUM 

78 

75.1 

2.9 

.92 

.96 

55 

117 

IRR 

STN 

B-ALUM 

75 

66.7 

8.33 

.77 

.88 

45 

118 

IRR 

STN 

WB-ALUM 

75 

68.7 

6.25 

.82 

.91 

45 

119 

IRR 

STN 

W-ALUM 

75 

71.9 

3.13 

.91 

.96 

45 

120 

IRR 

STN 

WW-ALUM 

75 

72.9 

2.08 

.94 

.97 

45 

121 

IRR 

STN 

B-TPS 

75 

69.8 

5.21 

.85 

.93 

45 

123 

IRR 

STN 

WB-TPS 

75 

71.9 

3.13 

.91 

.96 

45 

124 

IRR 

STN 

N-TPS 

75 

73.4 

1.56 

.96 

.98 

45 

126 

IRR 

STN 

WN-TPS 

75 

73.4 

1.56 

.96 

.98 

45 

127 

IRR 

STN 

W-TPS 

75 

72.4 

2.6 

.93 

.96 

45 

128 

IRR 

STN 

WW-TPS 

75 

73.2 

1.82 

.95 

.97 

45 


NORM TEMP - Temperature measured at normal viewing angle. 

REFL TEMP - Temperature measured at indicated viewing angle with LN2 
panel reflection. 

DELTA TEMP - Difference bitween NORM and REFL. 

EMISSIVITIES - Range of effective emissivities corresponding to REFL TEMP. 
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However, the black velvet sample (emissivity control paint) did show the 
least shift of any of the dry samples , and the wet samples generally 
showed less shift than the corresponding dry samples. An average of 
all the dry white (FRL-3) samples has a range of 0.88 to 0.94, while an 
average of the wet white sample is 0.90 to 0.95, slightly higher than 
the dry. 

The averaged wet data which were taken at angles from 45° to 55° 
(Table 16) , compare favorably with the results of the ambient IR test 97 
which was also wet, and had a minimum emissivity of 0.935 at 60°. 
Because of the limited number of tests and difficulty in assessing the 
data, the results of these tests must be considered preliminary. In 
addition , since reflections may be the major source of errors , it is 
recommended that additional tests be conducted to assess this problem . 


TABLE 16. INFRARED REFLECTION TEST RESULTS 


Sample 

Dry Surface 
Average Range 

Wet Surface 
Average Range 

N-TPS 

0.87 + 0.93 

0.91 -*■ 0.96 

W-TPS 

0.88 -> 0.94 

0.91 -> 0.95 

B-TPS 

0.85 -v 0.93 

0.91 + 0.96 

W-ALUM 

0.88 -> 0.94 

0.90 •> 0.95 

B-ALUM 

0. 86 0.93 

0.87 -> 0.94 

BV-ALUM 

0.94 + 0.97 

0.84 -* 0. 92 


6.0 CONCLUSIONS 


Based on the evaluation of the two IR scanners used in this test 
program, it can be concluded that the basic scanner capabilities are 
sufficient to perform the required measurements. However, there are 
potential problems relating to the targets (i.e. , ET) which will require 
further investigations to properly qualify. The basic concept of using 
an IR scanner to determine ET surface temperatures, however, does 
appear feasible. 

Performance of the IR scanners used in the test program was 
generally considered favorable for the intended use. Both geometric and 
temperature resolutions were adequate and acquisition of data via the 
various operating modes was satisfactory. The use of a pair of reference 
tanks for calibration of sensitivity and absolute temperature was success- 
ful and is considered practical. No problems associated with vignetting, 
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field of view adjustment (zoom control) or video compatibility were 
experienced. However, there was noticeable R FI caused by the two-way 
radios used, wnich must be considered in the implementation plans. 

Generally, the intended targets could be easily acquired (detected) 
with either ambient or sky backgrounds , at distances up to 800 ft , and 
in conditions ranging from clear, to drizzle, and fog. The adjustable 
field of view feature of the Inframetrics Unit (zoom control) was valuable 
in the acquisition and subsequent evaluation of small targets. The 
isotherm and the line scan modes were useful in acquiring quantitative 
data. These data cannot be acquired directly from the scanner since 
conversion from raw units to temperature must be analytically performed. 

It is anticipated that for the KSC implementation this function would be 
performed by a micro- or mini-computer provided within the CUE. 

There were no unique problems associated with viewing the simu- 
lated ET surface. The rapidly changing surface temperatures experienced 
with wind and wind simulation did hinder temperature measurements with 
the scanner although the average temperature could be adequately deter- 
mined. The use of frame averaging techniques proposed to reduce the 
system signal- to- noise ratio would also help to lessen wind effects. As 
expected, the presence of ice or frost on the surface did not present 
any identifying signature, nor did it interfere with the determination of 
the surface temperature. 

Interference due to solar radiation, either on the targets or inci- 
dent on the scanner lens, did not present a problem. The same is true 
for searchlights which have little IR content. However, those lights 
which have significant IR energy can cause substantial eri*ors. 

The most significant problem anticipated concerns the control of 
the target emissivities and the errors associated with IR reflections. 

Any change in target emissivity and/or background radiation results in 
errors in the sensed surface temperature which may become significant. 
Emissivity which normally varies due to surface contamination and paint 
variations can also change due to water (condensate) accumulation, and 
most significantly due to off-normal viewing angles. It is anticipated 
that a viewing angle constraint (e.g. , ±45°) will be imposed to control 
this problem which will result in some areas of the tank being unobserv- 
able. Also selection of reference tank locations must consider background 
radiation on the reference tank as compared to the ET as well as any 
viewing angle constraints. It is recommended that additional tests be 
conducted to assess emissivity changes and associated reflection errors. 
These tests should further characterize the surface coating which is 
currently on the ET as well as any alternate coatings or paints which 
may be more desirable. 

Based on the data obtained in this test program together with 
estimates of unknown or preliminary data, an overall error assessment of 
the planned scanner /target system can be made. Table 17 is a summary 
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TABLE 17. BASIC SCANNER TEMPERATURE RESOLUTION 


A. 

Scanner Resolution 



As Tested 

E = ±0.35 Units 
s 

B. 

Scanner Resolution 



With Enhancements 

E g = ±0.20 Units (estimated) 

C. 

Scanner Sensitivity 

S. = 0.29 Units /°F (worst case) 



= 0.43 Units /°F (best case) 

D. 

Attenuation Factor 

A = 0.7 (worst case) 



=1.0 (best case) 

E. 

Basic Scanner 

E, = ±1.72°F (worst case) 


Temperature 

E* = ±0.99°F (worst case 


Resolution 

enhanced) 


E 

E, = ±0.47°F (best case 


(E t = AxS t > 

enhanced) 


of the scanner capabilities and the resulting basic scanner temperature 
resolution. Item A is the scanner resolution (in scanner units) as 
determined from the current test data, and item B is the estimated 
scanner resolution with various signal processing enhancements which 
are currently available. These enhancements include an optional 8- bit 
processor within the scanner which increases the scanner's resolution 
(6- bit processor is standard) and a video frame averager which would 
increase the signal-to-noise ratio, effectively increasing the sensitivity. 
Using the range of scanner sensitivities (item C) and attenuation factors, 
representing atmospheric effects, possible filters, or both (item D), the 
temperature resolution can be calculated as in item E. As seen, the 
worst-case resolution without enhancements is ±1.72°F. With the men- 
tioned enhancements, the resolution should improve to ±0.99°F; consider- 
ing both the enhancements and the best case parameters, the resolution 
would be ±0.47°F. These limits represent the basic accuracy of the 
instrument and do not account for additional errors due to adverse view- 
ing conditions or due to target emissivity uncertainties. Table 18 
presents the overall error assessment for the combined scanner-target 
system. Item A is the basic scanner accuracy (enhanced) previously 
discussed and is the smallest contributor. Item B is the uncertainty in 
the measured reference target temperature. With proper signal condi- 
tioning and calibration, it is estimated that accuracy of at least ±1.0°F 
can be achieved and hopefully ±0.5°F. Item C represents multiple 
distance effects, between the reference target and the ET , which cannot 
be corrected either analytically or with filters. Item D is the error 
caused by uncertainties or changes in the target emissivities including 
viewing angle variations. The worst-case figure allows for an emissivity 
change of 0.07, whereas the best-case figure represents a 0.04 change. 
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TABLE 18. OVERALL ERROR ASSESSMENT 



Worst Case 

A. Basic Scanner 

±0.99 

Temperature 


Resolution 


B. Reference Target 

±1.0 

Uncertainty 


C . U ncor rect able 

±1.5 

Multi-Distance 


Effects 


D. Emissivity* 

±3.0 

Variation 


E . Background* 

±3.0 

Variations 


RSS 

±4.7 


Best Case 



♦Note: These are design goals. 


Finally, item E is the error caused by background temperature variations 
between the reference target and the ET and represents a 50°F shift for 
the worst case and a 20°F shift for the best. In both cases, an influence 
coefficient of 0.05 was used which is for high emissivities (reference 
Table 13). Items D and E are design goals which may require certain 
design and/or operational constraints to meet (e.g., viewing angle limits), 
and in addition are based on the preliminary data contained herein. As 
such these items are the least certain at this time. The resultant RSS 
error for the worst case is ±4.7°F and ±2.4°F for the best case. 

Although errors of this magnitude are undesirable, they are considered 
to be within the requirements for the intended use. 

It is recommended that additional testing be conducted in the area 
of emissivity variations, and IR reflections in general, to further assess 
and possibly reduce these errors. 
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